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LIST OF TERMS

Terms

High Pressure Water in the context of this document means any water supplied at a higher
pressure than the raw water supply pressure.

Abbreviations and Acronyms

'C
ALARA
BBI
CH2M HILL
COPC
DOE
DST
Ecology
EPA
ERSS
HFFACO
HI
HIHTL
HRRTM

IH
ILCR
LDM TM

ORP
PrHA
PUREX
RCRA
RMS
SST
TBP
TOC
UPR
WMA
WRS

bismuth phosphate first-cycle decontamination
as low as reasonably achievable
best-basis inventory
CH2M HILL Hanford Group, Inc.
constituent of potential concern
U.S. Department of Energy
double-shell tank
Washington State Department of Ecology
U.S. Environmental Protection Agency
Extended Reach Sluicing System
Hanford Federal Facility Agreement and Consent Order
hazard index
hose-in-hose transfer line
high-resolution resistivity
Industrial Hygiene
incremental lifetime cancer risk
leak detection and monitoring
Office of River Protection
Process hazards analysis
plutonium-uranium extraction
Resource Conservation and Recovery Act of1976
retrieval monitoring system
single-shell tank
tributyl phosphate
tank operations contractor
unplanned release
waste management area
waste retrieval system

T High-Resolution Resistivity (HRR) is a trademark of hydroGEOPHYSICS, Inc., Tucson, Arizona.
T Leak Detection and Monitoring (LDM) is a trademark of hydroGEOPHYSICS, Inc., Tucson, Arizona
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Units

% percent
Ci/kg curies per kilogram
Ci curie
Ci/L curies per liter
F degrees Fahrenheit

ft foot
ft cubic feet
gal. gallon
gal/min gallons per minute
in. inch
kg kilogram
kg/M3  kilograms per cubic meter
kgal 1,000 gallons
m meter
m3  cubic meters

pCi/mL microcuries per milliliter
mg/L milligrams per liter
mL/g milliliters per gram
mm/yr millimeters per year
mrem millirem
pCi/g picocuries per gram
pCi/L picocuries per liter
Vol% volume percent
wt% weight percent
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1.0 INTRODUCTION

The U.S. Department of Energy (DOE), Office of River Protection (ORP) River Protection
Project mission includes storage, retrieval, immobilization, and disposal of radioactive mixed
waste presently stored in underground tanks located in the 200 East and 200 West Areas of the
DOE Hanford Site. The 241-C-102 (C-102), 241-C-104 (C-104), 241-C-108 (C-108), and 241-
C- 112 (C- 112) single-shell tanks (SSTs), located in the 200 East Area (Figure I-1), are
scheduled for waste retrieval using the modified sludge sluicing system retrieval technology.
Tank 241-C-107 (C-107) is scheduled to be the first tank using the Mobile Arm Retrieval System
for sluicing (MARS-S) for waste retrieval. These tanks are classified as sound tanks per HNF-
EP-0 182, Waste Tank Summary Report for Month Ending February 28, 2005, and are suitable
for deployment of existing modified sluicing waste retrieval technology.

This document was originally developed to meet the requirements identified in Hanford Federal
Facility Agreement and Consent Order (HFFACO) for Tank Waste Retrieval Work Plans
(TWRWP). As of 10/25/10 Consent Decree No. 08-5085-FVS (Decree) became the regulating
direction for TWRWPs for tanks retrieved as Project B-1 and Project B-4 of the Decree. The
purpose of this document is to provide the Washington State Department of Ecology (Ecology)
information on the planned approach for retrieving waste from tanks C-102, C-104, C-107, C-
108, and C-112 to allow Ecology to approve the waste retrieval activity in Project B-1. Where
information regarding treatment, management, and disposal of the radioactive source, byproduct
material, and/or special nuclear components of mixed waste (as defined by the Atomic Energy
Act of 1954) has been incorporated in this document, it is not incorporated for the purpose of
regulating the radiation hazards of such components under the authority of this tank waste
retrieval work plan or Chapter 70.105 RCW, "Hazardous Waste Management Act."

1-1
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Figure 1-1. Location Map of C Tank Farm and
Surrounding Facilities in the 200 East Area.
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2.0 TANKS AND/OR ANCILLARY EQUIPMENT CONDITION AND
CONFIGURATION AND WASTE CHARACTERISTICS

2.1 RETRIEVAL START DATES

The planned start date for C-102 waste retrieval operations is November 2012. C-104 waste
retrieval operations began in January 2010 and are planned to restart in April 2012. The planned
start date for C-107 waste retrieval operations is September 2011. C-108 began waste retrieval
operations in December 2006 and retrieval was halted in April 2007 when a hard-to-remove heel
was reached. A heel removal for C-108 is planned to start in October 2011. The planned start
date for C- 112 waste retrieval operations is November 2011.

These dates are subject to change depending on priorities and availability of resources.
Completion dates are specified in the Decree, Appendix B. The completion date for Project B-1,
complete retrieval from the remaining SSTs in WMA-C, is 9/30/14.

2.2 TANK HISTORY

This TWRWP addresses waste retrieval from five 100-series tanks, C-102, C-104, C-107, C-108,
and C- 112, located in the C tank farm in the 200 East Area (Figure 2-2). Summary-level
historical data related to the configuration and operating history for these five tanks are provided
in Table 2-1.

Each of these tanks is designated as sound in HNF-EP-0 182. The designation of sound is based
upon tank surveillance data that indicates no loss of liquid attributed to a breach of integrity.
See Section 2.4 for a discussion of the basis for tank designation.

The C farm 100-series tanks are 75 ft in diameter and 32 ft tall. The tanks have a 16-ft operating
depth and an operating capacity of 530,000 gal. each. The tanks sit below grade with soil cover
to provide shielding from radiation exposure to operating personnel.

2-1
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Figure 2-2. Location of Tanks C-102, C-104, C-107, C-108, and C-112.*
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Table 2-1. Summary-Level Tank Data.

Tank C-102 C-104 C-107 C-108 C-112

Constructed 1943-44 1943-44 1943-44 1943-44 1943-44

In service 1946 1946 1946 1947 1946

Diameter (ft) 75 75 75 75 75

Operating depth (in.) 185 185 185 185 185

Design capacity (gal.) 530,000 530,000 530,000 530,000 530,000

Bottom shape Dish Dish Dish Dish Dish

Ventilation Passive Passive Passive Passive Passive

Nominal burial depth (ft) 6 6 6 6 6

Declared inactive 1977 1980 1978 1977 1976

(Row Deleted)

Interim stabilized 9/85 9/89 9/95 3/84 9/90

Note: Best-basis inventory AutoTCR documents (2-1-2005) from TWINS, Web Site - http:

TWINS = Tank Waste Information Network System.

/twinsweb.pnl.gov/twins.htm.

The SSTs were constructed in place with a carbon steel lining on the bottom and sides, and a
reinforced concrete shell. The welded liners are independent of the reinforced concrete tanks
and were designed to provide leak-tight containment of the liquid radioactive wastes and to
protect the reinforced concrete from waste contact. All other loads (e.g., surface live loads, static
and dynamic soil loads, dead loads, hydrostatic loads, and hydrodynamic loads) are carried by
the reinforced concrete tank structure. The tanks have concave bottoms (center of tanks lower
than the perimeter) and a curving intersection of the sides and bottom. Inlet and outlet lines are
located near the top of the liners. These lines are also referred to as 'cascade' lines because they
allowed transfer of fluids between tanks using gravity flow to support the transfer and storage of
waste within a series of three 100-series SSTs.

Tanks C-101 through C-106 were modified after initial tank construction to add pits at the tank
farm surface. Tanks C-107 through C-112 were also subsequently modified to add central
saltwell pump pits. Because of these modifications, the configuration of tanks C-102 and C-104
is different than tanks C-107, C-108, and C- 112 as described in the following sections.

2.2.1 Tanks C-102 and C-104 Configuration

The existing configurations of tanks C-102 and C- 104 are similar as depicted in the cross-section
view in Figure 2-3.
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Figure 2-3. Tanks C-102 and C-104 Cross-Section View.*

SALT WELL
PUMP PIT HEEL PIT SLUICE PIT

CONCRETE DOME 13.2'

, STEEL LINER DESIGN LIQUID LEVEL

38 OUTLE ILT

18'

75'1 '

C-102/-104 Cross-Section View
530,000-gal. Capacity

* Adapted from RPP-13774, 2004, Single-Shell Tank System Closure Plan, Rev. 2, CH2M HILL Hanford Group, Inc., Richland,
Washington.

Tanks C-102 and C-104 both have three reinforced concrete process pits that were installed after
initial tank construction to facilitate waste retrieval. These pits are constructed of reinforced
concrete and extend abovegrade. The pits provide secondary containment for the primary
transfer piping within, and have removable cover blocks or plates that allow entry into the pits.
The pit floors were constructed with drains that direct any liquid back into the tank through a
tank riser located in the pit. For the purpose of retrieval of these two tanks, if the pit drains are
plugged, any liquid (intrusion, tank waste, or other) will be pumped back to the associated SST.
Pit pumping into the associated SST will occur so that the pit liquids may be removed before
retrieval completion. The condenser hatchway (not shown in Figure 2-3) located above the
outside edge of the tank provided an indirect access path into the tank for ventilation.

In addition, tank C-104 has a caisson made from a corrugated pipe embedded in a concrete base.
The concrete base was sloped to a drain that connected to the tank riser so any leakage within the
caisson would drain back into the tank. The caisson extends abovegrade and is closed off on the
top with a coverplate. This caisson and the associated 12-in. riser were added to the tank to
support saltwell pumping.

Each pit or caisson used for waste retrieval will have a leak detector probe.
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2.2.2 Tanks C-107, C-108, and C-112 Configuration

The configuration of tanks C-107, C-108, and C- 112 is depicted in the cross-section view in
Figure 2-4.

Figure 2-4. Tanks C-107, C-108, and C-112 Cross-Section View.*

EXISTING GRADE

CONCRETE DOME

13.2'

STEEL LINER -DESIGN LIQUID LEVEL

37.8 T

75'

C-107, C-108, C-1 12 Cross-Section View
530,000-gal. Capacity

Note: The cascade line configuration in these three tanks varies. Tank C-107 has only an outlet line. Tank C-108 has both an
inlet and an outlet, and tank C-1 12 has only an inlet.

* Adapted from RPP- 10435, 2002, Single-Shell Tank System Integrity Assessment Report, Rev. 0, CH2M HILL Hanford Group,
Inc., Richland, Washington.

Tanks C-107, C-108, and C- 112 do not have any concrete pits, but do have a caisson that was
installed over the center riser after initial tank construction to facilitate waste retrieval.
The caissons are constructed of a section of corrugated pipe embedded in a concrete base.
The concrete base was sloped to a drain that connected to the tank riser so any leakage within the
caisson would drain back into the tank. The caisson extends abovegrade and is closed off on the
top with a coverplate.

Drawing H-2-38597, Salt Well Pump Pit Assembly for Std. 12" Riser, shows the original
installation of the corrugated caisson. The caisson was installed in a groove in the concrete
bottom of the pit and sealed with grout. A drain, flush with the bottom of the pit, previously
routed drainage to the 12-in. riser. Drawing H-14-106599, 241-C Sluice Retrieval Mechanical
Equipment Installation, shows the equipment installation to be used during SST retrieval using
the caisson. A leak detector probe will be used in the pit. A sump pump is used to pump
leakage into the tank.

Each pit or caisson used for waste retrieval will have a leak detector probe.
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2.3 TANK RISER AND FILL/CASCADE LINE INFORMATION

This section identifies the 'as is' configuration of the risers and fill/cascade lines. Table 2-2
provides the size and current use/contents of tanks C-102 and C-104 risers and fill/cascade lines,
and Figure 2-5 provides the tanks C-102 and C-104 riser plan view. Table 2-3 provides the size
and current use/contents of tanks C-107, C-108, and C- 112 risers and fill/cascade lines.
Figure 2-6 provides the tanks C-107, C-108, and C- 112 riser plan view. Use of the risers for
waste retrieval is described in Section 3.0.

2.4 TANK CLASSIFICATION

Tanks C-102, C-104, C-107, C-108, and C- 112 are classified as 'sound' in HNF-EP-0182.
Sound classification is assigned to a tank when surveillance data indicates no loss of liquid
attributed to a breach of integrity. A description of the 100-series tanks is provided in
RPP-13774, Single-Shell Tank System Closure Plan, Appendix C, Section C2.0.

WHC-SD-WM-ER-3 13, Supporting Document for The Historical Tank Content Estimate for
C-Tank Farm, discusses all the past level (and other) data used to provide an estimate of the tank
contents in the mid-1990s. No unexplained level drops are mentioned for any of these tanks.
The document states no significant occurrence reports (related to tank leakage) were found for
tanks C-102, C-104, and C-112. The document states that an occurrence report was issued for
tank C-108 in 1974 because of increasing activity in a drywell that was attributed to migration of
existing contamination. The document states that an occurrence report was issued in 1992 for
tank C- 107 because of increasing activity monitored from the top 20 ft of a drywell, but the
activity was caused by residual waste in the tank C- 110 saltwell transfer line and the readings
returned to the previous level when the line was flushed.

RPP-14430, Subsurface Conditions Description of the C-A-AX Waste Management Area,
provides an evaluation of the available drywell logging information for each tank in Section 3.3
and Appendix E. No significant indications of unexplained gamma radiation are evident in the
drywells surrounding tanks C-102, C-104, C-107, C-108, or C- 112 that indicate a leak occurred
in that tank. Additional references for drywell monitoring results are provided in Section 4.1.1.

RPP-10435, Single-Shell Tank System Integrity Assessment Report, was prepared and issued in
response to HFFACO Milestone M-23-24. This document provides an integrity assessment for
the SSTs and some ancillary equipment used with the tanks. Appendix D of RPP-10435
discusses tank leak history. There is no mention in Appendix D of RPP-10435, or anywhere else
in the document, of any known leaks from these tanks nor is there any wording that would
indicate any of these five tanks should not be classified as sound.
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Table 2-2. Tanks C-102 and C-104 Riser and Fill/Cascade Line Descriptions.

Riser Diameter Use Description

Number (in.) Tank C-102 Tank C-104

R1 4 Unused temperature probe Liquid level well, belowgrade

R2 12 Level gauge (ENRAF) a Breather filter and benchmark

R3 12 Observation port/breather filter in Observation port in weather covered pit
weather covered pit (02-C pit) (04-C pit)

R4 4 Recirculating dip leg in weather Recirculating dip leg in weather covered
covered pit (02-C pit) pit (04-C pit)

R5 4 Recirculating dip leg in weather Recirculating dip leg in weather covered
covered pit (02-A pit) pit (04-A pit)

R6 12 Sluicing access riser in weather Sluicing access riser in weather covered
covered pit pit

R7 12 Temperature probe in riser through pit Temperature probe in riser through pit
wall, flange weather covered pit wall (04-A pit)
(02-A pit)

R8 4 blind flange (obstruction) Level gauge (ENRAF)

R9 36 sludge pump access riser in weather Sludge pump access riser in weather
covered pit (02-A pit) covered pit (04-A pit)

R13 12 Saltwell screen in weather covered pit Heel jet in 04-B pit
(02-B pit)

R14 4 NA Blind flange

R15 12 NA Empty

A b 3 Cascade overflow line to tank C-103 Cascade overflow line to tank C-105

B b 3 Cascade inlet line from tank C-101 NA

Cl b 3 Spare inlet, capped Fill line V150

C2 b 3 Spare inlet, capped Fill line V149, sealed in diversion box
241-C-153

C3 b 3 Spare inlet, capped Fill line V148, sealed in diversion box
241-C-153

C4 3 Spare inlet, capped Spare, capped

Note: Reference documents from TWINS, Web Site - http://twinsweb.pnl.gov/twins.htm and H-14-010613, 2003, Waste
Storage Tank (WST) Riser Data, Sheet 2, Rev. 6, CH2M HILL Hanford Group, Inc., Richland, Washington (with ECNs).
ECN = engineering change notice.
NA = not applicable.
TWINS = Tank Waste Information Network System.
a Enraf is the supplier of the identified level gauges; ENRAF is a trademark of Enraf, Inc., Enraf B.V., Delft,
The Netherlands.
b Cascade and/or fill line, not a riser.
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Figure 2-5. Tanks C-102 and C-104 Riser and Fill/Cascade Line Plan View.

R-8 R-6

-(C-104 ONLY)-

R- 4 -

R-15

- -CONDENSER

R-13 Q HEEL PIT

241 CR-02B-04B

BSLUICE PIT
241-CR-02C/-04C

203

R-4 R-3 R-2
O MH a R-1201

111 109 0

110 108 106

-107 105 103

1 104 102

KEY PLAN 101

2-9



RPP-22393, Rev.7

Table 2-3. Tanks C-107, C-108, and C-112 Riser and Fill/Cascade Line Descriptions.

Number Diameter Use Descriptions
(in.) Tank C-107 Tank C-108 Tank C-112

R1 4 Spare Thermocouple Temperature probe

R2 12 Spare Multi-port adapter with Blind flange with
benchmark benchmark

R3 12 Multi-port adapter Spare Spare
standard hydrogen
monitoring system vapor
probe (on 4-in. adapter)

R4 4 Breather filter Breather filter with offset Breather filter with offset
adapter adapter

R5 4 Temperature probe Temperature probe Level gauge (ENRAF )
with thermocouple

R6 12 Spare Spare Spare

R7 12 Spare Observation port Observation port

R8 4 Level gauge (ENRAF) Level gauge (ENRAF) with Multi-function instrument
benchmark tree

R13 12 Saltwell pump Saltwell screen in weather Saltwell pump pit weather
covered pit covered pit

A 3 Cascade line overflow to Cascade overflow line to NA
tank C-108 tank C-109

B b 3 NA Cascade inlet line from Cascade inlet line from
tank C-107 tank C-111

Cl b 3 Fill line, sealed in diversion Spare, capped Spare, capped
box 241-C-153

C2 b 3 Fill line, sealed in diversion Spare, capped Spare, capped
box 241

C3 b 3 Fill line, sealed in diversion Spare, capped Spare, capped
box 241

C4 b 3 Spare, plugged Spare, capped Spare, capped

Note: Best-basis inventory documents from TWINS, Web Site - http://twinsweb.pnl.gov/twins.htm.
NA = not applicable.
TWINS = Tank Waste Information Network System.
a Enraf is the supplier of the identified level gauges; ENRAF is a trademark of Enraf, Inc., Enraf B.V., Delft, The Netherlands.
b Cascade and/or fill line, not a riser.
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Figure 2-6. Tanks C-107, C-108, and C-112 Riser and Fill/Cascade Line Plan View.
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2.5 TANK WASTE VOLUME/CHARACTERISTICS

The waste volume and physical properties of the waste currently stored in tanks C-102, C-104,
C-107, C-108, and C- 112 and awaiting retrieval are summarized in Table 2-4.

Table 2-4. Waste Volume and Physical Properties Summary.

Waste Property Unit Tank C-102 Tank C-104 Tank C-107 Tank C-108 Tank C-112

Solids volume a gal. 316,000 259,000 247,000 66,000 104,000

Supernate volume a gal. 0 0 0 0 0

Interstitial liquid gal. 62,000 29,000 30,000 4,000 6,000
volume a

Sludge density b kg/L 1.68 1.68 1.55 1.48 1.6

Sludge percent
waterb % 43 48 48 38 52

a HNF-EP-0 182, 2005, Waste Tank Summary Reportfor Month Ending February 28, 2005, Rev. 203, CH2M HILL Hanford
Group, Inc., Richland, Washington.
b Source: Best-basis inventory download from http://twinsweb.pnl.gov/twins.htm, dated February 1, 2005.

The tank waste inventory data extracted from the best-basis inventory (BBI)
(http://twinsweb.pnl.gov/twins.htm) is provided in Appendix F (Tables F-I through F-5 for tanks
C-102, C-104, C-107, C-108, and C-112, respectively). There are varying degrees of uncertainty
associated with the waste inventory. The inventory uncertainty is a combination of the
uncertainty associated with measurements of waste volume and concentration. Inventory
uncertainty estimates have been completed for some but not all constituents and for some but not
all waste types. The available inventory and inventory uncertainty data for tanks C-102, C-104,
C-107, C-108, and C- 1i2 are provided in Appendix F (Tables F-i through F-5). The standard
deviation is calculated from the variation in the sample analysis results. Details of the
methodology used for developing inventory uncertainty values reported in the BBI are provided
in RPP-7625, Best Basis Inventory Process Requirements. The inventory uncertainty data
associated with the contaminants that drive the long-term risk (e.g., technetium-99) can be used
for tanks C-104, C-107, C-108, and C- 112 to provide insight to the uncertainty in the long-term
human health risks presented in Section 7.0. Indicator contaminants identified in Section 7.1.1.1
are noted in Tables F-I through F-5.

Although there are uncertainties associated with contaminant inventories in the tanks, the
following items show that there is sufficient information on the characteristics that affect waste
retrieval, transfer, and storage in the double-shell tanks (DSTs) to proceed with waste retrieval:

0 DOE (2003), Dangerous Waste Permit Application-Single-Shell Tank System (Part A
Permit) list of constituents contains constituents not found in the BBI because of
'protective filing.' The constituents listed in the BBI (25 chemicals and 46 radionuclides)
account for approximately 99 wt% of the chemical inventory (not including water and
hydroxide) and over 99% of the activity in terms of short- and long-term risk, based on
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estimates developed using the Hanford Defined Waste (HDW) Model (RPP-19822,
Hanford Defined Waste Model - Revision 5.0).

* The above meets the requirement in Section 2.1.3 of Appendix I of the HFFACO that
requires those contaminants accounting for at least 95% of the impact to groundwater risk
be addressed.

* The BBI is the best available data; however, the Part A Permit provides a list of
constituents that may or may not be present in the SSTs. To address this uncertainty, a
post-retrieval sample will be taken of the residual waste for all constituents identified in
the Ecology-approved sampling and analysis plan, pursuant to the requirements of that
sampling and analysis plan.

There are currently no plans to perform additional characterization (e.g., sampling and analyses)
of the waste in tank C-102, C-104, C-107, C-108, or C- 112 to support waste retrieval and
transfer. Sampling and analyses of the waste from each of the tanks will be performed at or near
the end of waste retrieval activities in support of component closure activity actions. Sampling
and analysis activities associated with component closure actions will be defined through the
planned component closure data quality objectives process and described in the associated waste
sampling and analysis plans yet to be developed and to be approved by Ecology.

Meeting the informational requirements for waste transfers meets the substantive requirements of
WAC 173-303-300, "General Waste Analysis." Compliance with the following documents is
required before initiating a waste transfer:

1. RPP-29002, Double-Shell Tank Waste Analysis Plan. SST transfers into the DSTs for
any reason must meet the waste acceptance criteria presented in this plan. This plan is
written pursuant to WAC 173-303-300(5) and U.S. Environmental Protection Agency
(EPA) guidance document OSWER 993 8.4-03, Waste Analysis at Facilities That
Generate, Treat, Store and Dispose of Hazardous Waste.

2. Waste Stream Profile Sheet (RPP-29002). The sheet addresses the applicable sections of
WAC 173-303-300; 40 CFR 761, "Polychlorinated Biphenyls (PCBs). Manufacturing,
Processing, Distribution, Commerce, and Use Prohibitions"; 40 CFR 268, "Land
Disposal Restrictions"; and WAC 173-303-140, and also requires a waste compatibility
assessment pursuant to HNF-SD-WM-DQO-001, Data Quality Objectivesfor Tank
Farms Waste Compatibility Program, to meet WAC 173-303-395(1).

2.5.1 Tank C-102 Operating History

The following information is taken from HNF-SD-WM-ER-65 1, Preliminary Tank
Characterization Report for Single-Shell Tank 241-C-102: Best-Basis Inventory. The purpose
of HNF-SD-WM-ER-651 is to summarize the information on the historical uses, current status,
and sampling and analysis results of waste stored in tank C-102.
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Tank C-102 began receiving bismuth phosphate first-cycle decontamination (IC) waste from
tank C-101 through the cascade line in 1946 and stored IC waste until the second quarter of
1953. Tank C-102 cascaded waste into tank C-103 from 1946 until 1953. In 1953, the IC waste
in the tank was sluiced to a sludge heel in an effort to recover uranium. The tank received
uranium recovery waste from the third quarter of 1953 until the fourth quarter of 1954. During
the second quarter of 1957, the tank was scavenged.

During the third quarter of 1960, tank C-102 received waste water, and from the third quarter of
1960 until the fourth quarter of 1969, the tank received plutonium-uranium extraction (PUREX)
cladding waste. The tank received waste from the 1966 thorium campaign during the second
quarter of 1966 and PUREX organic wash waste from the second quarter of 1968 until the first
quarter of 1969.

A maximum waste volume of approximately 530,000 gal. of waste in tank C-102 was reached in
the first quarter of 1952 and remained at that level until the third quarter of 1952. The same
amount of 530,000 gal. was reached in the first quarter of 1954 and remained at that level until
the fourth quarter of 1956 (WHC-SD-WM-ER-313).

A saltwell pump was installed in tank C-102 in November 1975; saltwell pumping was
completed in June 1978. The tank was declared inactive in 1977 and was partially isolated in
December 1982. In November 1991, the tank was saltwell pumped again (GJ-HAN-86,
Vadose Zone Characterization Project at the Hanford Tank Farms Tank Summary Data Report
for Tank C-102).

2.5.2 Tank C-104 Operating History

The following information is taken from HNF-SD-WM-ER-679, Tank Characterization Report
for Single-Shell Tank 241-C-104. The purpose of HNF-SD-WM-ER-679 is to summarize the
information on the historical uses, current status, and sampling and analysis results of waste
stored in tank C-104.

Tank C-104 went into service in 1946 when it began to receive IC waste from B Plant
(LA-UR-97-3 11, Waste Status and Transaction Records Summary [WSTRS]). The 1 C waste
began to cascade to tank C-105 in the first quarter of 1947. Waste additions continued until
November 1947, when the tank and the cascade series were full. The tank remained full until
1953, when waste retrieval actions were initiated for uranium recovery. The tank was effectively
emptied in early 1955. The tank remained empty until the fourth quarter of 1955 when it
received tributyl phosphate (TBP) waste supernate and metal waste from tank C- 112.
Cladding waste was received from PUREX and was transferred to tanks C-101 and C-105 in
1956, and PUREX cladding waste was received again and cascaded to tank C-105 in 1957.

Tank C-104 received numerous transfers of different waste types. The tank currently contains
only sludge consisting primarily of five waste types:

* Zirconium cladding waste (CWZrl)
* Organic wash waste (OWW3)
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* Cladding waste (CWP2)
* Thorium waste (TH2)
* Cladding waste (CWP1).

From 1976 to 1980, tank C-104 exchanged supernate with tank A-102. Supernate was sent to
tanks AZ-101 and AX-102 in 1978. The tank received supernate waste from tank C-103 in 1979.
Tank C-104 was removed from service in 1980 and was declared interim stabilized in 1989.

2.5.3 Tank C-107 Operating History

The following information is taken from HNF-SD-WM-ER-474, Tank Characterization Report
for Single-Shell Tank 241-C-107. The purpose of HNF-SD-WM-ER-474 is to summarize the
information on the historical uses, current status, and sampling and analysis results of waste
stored in tank C-107.

Tank C-107 was placed into service in 1946 when it began receiving IC waste through diversion
box 241-C-153. From the second quarter of 1946 until the third quarter of 1948, tank C-107
received IC waste from the B and/or T Plants. In September 1947, tank C-107 was declared full
and began cascading to tank C-108. Between 1947 and 1978, when it was declared inactive,
numerous waste transfers were made into and out of tank C-107. Tank C-107 received IC waste
generated from the bismuth phosphate process, TBP (UR/TBP) liquid waste, PUREX cladding
removal waste (CWP2), hot semiworks waste, waste from 244-CR (CR vault) and site
laboratories, and strontium-rich sludge (SRR).

Two liquid-pumping campaigns have taken place since 1976. The tank was saltwell pumped
from the third quarter of 1976 until the second quarter of 1977. Approximately 18,000 gal. were
removed by jet pumping from November 1991 to January 1992 (HNF-SD-WM-ER-474).

The tank currently contains sludge consisting of three waste types: (1) 1C waste, (2) PUREX
cladding removal waste, and (3) strontium-rich sludge. In general, IC waste exhibits high
concentrations of aluminum, bismuth, fluorine, iron, silicon, phosphate, and sulfate; PUREX
cladding removal waste exhibits high concentrations of aluminum; and strontium-rich sludge
exhibits high concentrations of sodium, iron, and strontium.

2.5.4 Tank C-108 Operating History

The following information is taken from WHC-SD-WM-ER-503, Tank Characterization Report
for Single-Shell Tank 241-C-108. The purpose of WHC-SD-WM-ER-503 is to summarize the
information on the historical uses, current status, and sampling and analysis results of waste
stored in tank C-108.

Tank C-108 was placed into service in 1947 when it began receiving waste via the cascade line
from tank C-107. Tank C-108 received IC waste from the bismuth phosphate process, uranium
recovery waste (UR) from the TBP process, in-farm ferrocyanide scavenging waste (TFeCN),

2-15



RPP-22393, Rev.7

and PUREX cladding waste (CWP). During the same period, supernate was transferred from
tank C-108 to tanks BY-101 and BY-105. Other wastes received include Hot Semiworks Plant
waste, PUREX organic wash waste, ion exchange waste, reduction oxidation waste, N Reactor
waste, decontamination waste, and laboratory waste.

Between 1952 and 1976, when it was removed from service, numerous waste transfers were
made into and out of tank C-108. The tank currently contains sludge consisting primarily of
three waste types: (1) 1C waste, (2) TBP process waste, and (3) in-farm ferrocyanide scavenging
waste. In general, 1 C waste sludge exhibits high concentrations of aluminum, bismuth, fluorine,
iron, silicon, phosphate, and sulfate; TBP sludge exhibits high concentrations of chromium, iron,
sodium, phosphate, and sulfate; and in-farm ferrocyanide scavenging waste exhibits high
concentrations of calcium, iron, nickel, phosphate, and cesium-137.

Saltwell pumping was completed in 1978, and intrusion prevention was completed on
December 15, 1982 (WHC-SD-WM-TI-356, Waste Storage Tank Status and Leak Detection
Criteria). The tank was designated as interim stabilized on March 9, 1984. This tank was added
to the Ferrocyanide Watch List in January 1991 and was removed in June 1996.

2.5.5 Tank C-112 Operating History

The following information is taken from HNF-SD-WM-ER-541, Tank Characterization Report
for Single-Shell Tank 241-C-112. The purpose of HNF-SD-WM-ER-541 is to summarize the
information on the historical uses, current status, and sampling and analysis results of waste
stored in tank C- 112.

Tank C- 112 was placed into service in 1946 when it began receiving IC waste from the other
two tanks in the cascade (tanks C-i 10 and C-11). The IC waste originated from the bismuth
phosphate separations process used at B Plant. Because tank C-i 12 is the final tank in a cascade
series, most of the metal waste solids would have settled in the first two tanks. Supernate from
tank C-i 12 was transferred to tank B-106 in 1952, leaving a 17,000-gal. heel in the tank.
Tank C-i 12 was refilled with unscavenged uranium recovery waste in 1954. From late 1955
until 1958, the tank was used for settling scavenged ferrocyanide waste.

Between 1961 and 1976, when it was removed from service, numerous waste transfers were
made into and out of tank C-i 12. The tank was saltwell pumped in 1983, resulting in the transfer
of 5,000 gal. of waste from tank C- 112 to DST 241-AN-103 (HNF-SD-WM-ER-541).

The tank currently contains sludge consisting primarily of three waste types: (1) 1C waste,
(2) in-farm ferrocyanide scavenging waste, and (3) cladding waste (CWPI). In general,
1 C waste sludge exhibits high concentrations of aluminum, bismuth, fluorine, iron, silicon,
phosphate, and sulfate; in-farm ferrocyanide scavenging waste exhibits high concentrations of
calcium, iron, nickel, phosphate, and cesium-137; and cladding waste (CWPI) exhibits high
concentrations of aluminum.
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2.6 TANK ANCILLARY EQUIPMENT

There is a complex waste transfer system of pipelines (transfer lines), diversion boxes, vaults,
valve pits, and other miscellaneous structures that are collectively referred to as ancillary
equipment. The routing of liquid waste to and from the tanks was accomplished using this
transfer system. The diversion boxes provide the means for routing waste from one transfer line
to another via jumper assemblies. The diversion boxes are belowground, reinforced concrete
boxes that were designed to contain any waste that leaked from the waste transfer line
connections and route it to a collection tank.

One valve pit, 241-C (a corrugated structure with a concrete floor), also served the C tank farm
and is located southwest of tank C-103. This pit was installed as part of the saltwell pumping
program to allow multiple saltwells to pump to the 244-CR vault receiver tank, 003, through a
single transfer line, SN-275.

Table 2-5 provides a summary of the C tank farm ancillary equipment connected to tanks C-102,
C-104, C-107, C-108, and C- 112.

The existing buried waste transfer lines routed to tanks C-102, C-104, C-107, C-108, and C-112
have been isolated to prevent the inadvertent transfer of waste or intrusion of water into the tanks
following retrieval with the exception of the cascade lines and saltwell transfer lines. With these
isolation measures in place, the process lines are in a stable configuration and do not represent
pathways for water or additional waste to enter the tanks.
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Table 2-5. C Tank Farm Components Associated with
Tanks C-102, C-104, C-107, C-108, and C-112. (2 Sheets)

Single-Shell Tanks

Tank 241- Constructed Declared Inactive Constructed Operating Capacity (gal.)

C-102 1943 - 1944 1977 530,000

C-104 1943-1944 1980 530,000

C-107 1943-1944 1978 530,000

C-108 1943 - 1944 1977 530,000

C-112 1943-1944 1976 530,000

Diversion Boxes

Unit 241- Constructed Removed from Description
Service

C-151 1946 1985 Interconnected 241-C-152, -153,
and CR-151 diversion boxes

C-153 1946 1985 Interconnected 241-C-151
and -152 diversion boxes

CR-152 1946 1985 Interconnected 241-C-151 diversion box
and C farm

CR-153 1946 1985 Interconnected 241-CR-151 and -152
diversion boxes and C farm

C-252 1946 1985 Interconnected 241-C-151 diversion box
and C farm

Valve Pits

Facility Number Description

241-C Valve pit

Tank Pits

Facility Number Description

241-C-02A Pump pit

241-C-02B Heel pit

241-C-02C Sluice pit

241-C-04A Pump pit

241-C-04B Heel pit

241-C-04C Sluice pit

241-C-07 No pit, covered saltwell caisson

241-C-08 No pit, covered saltwell caisson

241-C-012 No pit, covered saltwell caisson
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Transfer Lines

Line Number Connecting Facilities

8006 241-C-102-02A-Ui 241-CR-152-L12

8038 241-C-102-02A-U2 241-CR-152-U4

8037 241-C-102-02A-U3 241-CR-152-L15

8063 241-C-102-02B-U2 Line 8006

Unknown 241-C-102-02B-U3 241-C-valve pit-Li

8017 241-C-102-02C-Ui 241-CR-152-L7

8041 241-C-102-02C-U2 241-CR-152-U3

V843 241-C-102 241-CR-151-L9

V844 241-C-102 241-CR-151-L8/241-CR-152-L8 via 8107

8210 241-C104-04A-Ui 241-CR-153-Lll

8244 241-C-104-04A-U2 241-CR-153-U2

8231 241-C-104-04A-U3 241-CR-153-L14

Viol 241-C-104-04A-U4 241-C-151-L2

8270 241-C-104-04B-U2 Line 8210

Unknown 241-C-104-04B-U3 241-C-valve pit-L2

8220 241-C-104-04C-U1 241-CR-153-L9

8247 241-C-104-04C-U2 241-CR-153-U1

8253 241-C-104-04C-U6 241-CR-153

V050 241-C-104 241-A-152-L7

V051 241-C-104 241-A-152-L8

V148 241-C-104 241-C-153-L13

V149 241-C-104 241-C-153-L14

V150 241-C-104 241-C-153-L15

Drain Line 241-C-107-Ui 241-C valve pit-L3

V142 241-C-153-L7 Capped

V143 241-C-107 241-C-153-L8

V144 241-C-107 241-C-153-L9

V145 241-C-107 241-C-153-L10

V172 241-C-252-Ui 241-C-109/241-C-112

Unknown 241-C-108 241-C-valve enclosure

M5 241-C-108 saltwell pump pit 241-C valve pit

M5 241-C-112 241-C valve pit-L5

Note: From RPP-13774, 2004, Single-Shell Tank System Closure Plan, Rev. 2, CH2M HILL Hanford Group, Inc., Richland,
Washington.

Unplanned releases (UPRs) from the ancillary equipment that are attributed to ancillary
equipment leaks include the following:
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* UPR-200-E-16 - In 1959, the transfer line between tanks C-105 and C-108 leaked and
contaminated the soil near the tank C- 105 pit.

* UPR-200-E-81 - In 1969, a transfer line leaked at the 241-C-151 diversion box resulting
in a surface puddle (approximately 6 ft by 40 ft) a few feet west of 241-C- 151 diversion
box. Waste was being transferred from the 202-A building to tank C-102 via the
241-C-15 1 diversion box at time of leak discovery.

* UPR-200-E-82 - In 1968, a transfer line leaked near the 241-C-152 diversion box
resulting in an approximately 1,000-gal. surface pool of waste. Waste was being
transferred from tank C-105 to the 221-B building via the 241-C-152 diversion box at the
time of leak discovery.

* UPR-200-E-86 - In 1971, transfer line 812 leaked outside the southwest corner of the
tank farm fence. Waste was being transferred from the 244-AR vault to the C tank farm
at time of leak discovery.

Based on the historical information presented in Sections 2.2 and 2.5, the abandoned process
lines used for previous waste transfers will be internally contaminated through contact with the
waste. These abandoned lines were constructed with a positive slope to facilitate drainage
(a design requirement). Where possible, these lines were either flushed following use or were
used for dilute waste transfers that should have minimized significant solid and/or liquid waste
buildup in the lines.

There is no available information on the current condition or on the volume/characteristics of any
waste associated with piping and other ancillary equipment. For the purpose of assessing the
long-term human health risk for the overall waste management area (WMA), an ancillary
equipment source-term was defined to include the residual waste in the C farm piping
components, 244-CR vault tanks, and the 241-C-301 catch tanks. UPRs (UPR-200-E-81,
UPR-200-E-82, and UPR-200-E-86) associated with known transfer line leaks are also included
in the long-term human health risk for the overall WMA plan. There are no known leaks from
cascade lines associated with the tanks. Additional details on the methodology used to estimate
the inventory associated with the ancillary equipment are provided in Section 7.0.

2.6.1 Tank C-102 Ancillary Equipment

Tank C-102 is connected to tank C-101 and tank C-103 by 3-in.-diameter cascade lines.
Tank C-102 has 10 risers of varying diameters and lengths of protrusion into the tank. The risers
provide access to various in-tank equipment. Table 2-2 identifies the purpose of each riser.
A cross-section view of tank C-102 is shown in Figure 2-3. Figure 2-7 illustrates the line and
riser locations into and around tank C-102 along with their current uses.
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Figure 2-7. Tank C-102 Plan View.
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Twenty-seven pathways enter tank C-102 or its associated pits. The pathways include lines,
risers, pit drains, weep holes, and ventilation ducts. Twenty-two pathways into tank C-102 have
already been isolated, as shown on Table 2-6. Current plans for isolation of all remaining
pathways are shown in Table 2-7. This work will be accomplished in accordance with the tank
closure plan.

2.6.2 Tank C-104 Ancillary Equipment

Tank C-104 is connected to tank C-105 by a 3-in.-diameter cascade line. Tank C-104 has 11
risers of varying diameters and lengths of protrusion into the tank. The risers provide access to
various in-tank equipment. Table 2-2 identifies the purpose of each riser. A cross-section view
of tank C-104 is shown in Figure 2-3. Figure 2-8 illustrates the line and riser locations into and
around tank C-104 along with their current uses.

Twenty-six pathways enter tank C-104 or its associated pits. The pathways include lines, risers,
pit drains, weep holes and ventilation ducts. Twenty-three pathways into tank C-104 have
already been isolated, as shown on Table 2-8. Current plans for isolation of all remaining
pathways are shown in Table 2-9. This work will be accomplished in accordance with the tank
closure plan.

2.6.3 Tank C-107 Ancillary Equipment

Tank C-107 is connected to tank C-108 by a 3-in. diameter cascade line. Tank C-107 has nine
risers of varying diameters and lengths and lengths of protrusion into the tank. The risers
provide access to various in-tank equipment. Table 2-3 identifies the purpose of each riser.
A cross-section view of tank C-107 is shown in Figure 2-4. Figure 2-9 illustrates the line and
riser locations into and around tank C-107 along with their current uses.

Nine pathways enter tank C-107 or its associated pit. The pathways include lines, risers, a pit
drain, and ventilation ducts. Eight pathways into tank C-107 have already been isolated, as
shown on Table 2-10. Current plans for isolation of all remaining pathways are shown in
Table 2-11. This work will be accomplished in accordance with the tank closure plan.

2.6.4 Tank C-108 Ancillary Equipment

Tank C-108 is connected to tanks C-107 and C-109 by a 3-in.-diameter cascade line.
Tank C-108 has nine risers of varying diameters and lengths of protrusion into the tank.
The risers provide access to various in-tank equipment. Table 2-3 identifies the purpose of each
riser. A cross-section view of tank C-108 is shown in Figure 2-4. Figure 2-10 illustrates the line
and riser locations into and around tank C-108 along with their current uses.
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Table 2-6. Tank C-102 Previously Isolated Lines. (2 Sheets)

Intrusion path Description Tank waste Isolation technique and Verification*
transfer line? status

C1 Spare tank nozzle No Capped during tank H-2-73342
construction, never used

C2 Spare tank nozzle No Capped during tank H-2-73342
construction, never used

C3 Spare tank nozzle No Capped during tank H-2-73342
construction, never used

C4 Spare tank nozzle No Capped during tank H-2-73342
construction, never used

8006 Transfer line Yes Isolation blank at H-2-73342 and
241-CR-152, L12 H-14-104175

8038 Transfer line Yes Isolation blank at H-2-73342 and
241-CR-152, U4 H-14-104175

8037 Transfer line Yes Isolation blank at H-2-73342 and
241-CR-152, L15 H-14-104175

8109 Spare transfer line No Capped outside pit during tank H-2-73342
construction, never used

8083 Electrical conduit No Conduit sealed Detail 6,
H-2-73450

8102 Electrical conduit No Conduit sealed Detail 6,
H-2-73450

8135 Electrical conduit No Conduit sealed Detail 6,
H-2-73450

8067 Steam line from gang No Line cut and capped when H-2-73342 and
valve gang valve was removed H-2-71842

8063 Transfer line Yes Line T's into 8006 which has H-2-73338,
isolation blank at H-2-73342 and
241-CR-152, L12 H-14-104175

M5 Saltwell transfer line Yes Isolation blank at H-2-73338,
241-C, Li H-2-73342 and

H-14-104175

8047 Transfer line Yes Isolation blank at H-2-73342 and
241-CR-152, L7 H-14-104175

8041 Transfer line Yes Isolation blank at H-2-73342 and
241-CR-152, U3 H-14-104175

8121 Spare transfer line No Capped outside pit during tank H-2-73342
construction, never used

8080 Air line No H-2-73342 and
Cut and capped outside pit H-2-73453

8127 Spare air line No Capped outside pit during tank H-2-73342
construction, never used

V843 Transfer line Yes Isolation blank at H-14-104175
241-CR-151, L9
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Table 2-6. Tank C-102 Previously Isolated Lines. (2 Sheets)

Intrusion path Description Tank waste Isolation technique and Verification*
transfer line? status

V844/8107 Transfer line Yes Isolation blank at H-14-104175
241-CR-151, L8

M-2 1-P Transfer line to valve Yes Valve has been disabled; lines H-2-73338, and
on tank C-103, then to to Loadout building have been H-2-73342
loadout building cut and capped

Undesignated Raw water No (5) 2-in. lines capped above H-2-73342
grade

Undesignated Conduit No Sealed H-2-73342

Note: Raw water, steam, and air lines have been cut and capped.
* Verification documents reference information is provided in Section 9.0 of this document.

Table 2-7. Tank C-102 Currently Open Lines.

Line Description transe line? Planned isolation technique

B Cascade line from tank Yes No action until closure fill in tank C-101 or C-102
C-101 blocks this line

A Cascade line to tank Yes No action until closure fill in tank C-102 or C-103
C-103 blocks this line

-- 02A pit drain No To be left open

-- 02B pit drain No To be left open

-- 02C pit drain No To be left open
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Figure 2-8. Tank C-104 Plan View.
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Table 2-8. Tank C-104 Previously Isolated Lines.

Intrusion Tank Waste

Path Description Transfer Isolation Technique and Status Verification*
Line?

C1(V150) Fill line No Sealed in diversion box 241-C-153 H-2-73344/
H-2-73339

C2 (V149) Fill line No Sealed in diversion box 241-C-153 H-2-73344/
H-2-73339

C3 (V148) Fill line No Sealed in diversion box 241-C-153 H-2-73344/
H-2-73339

C4 Spare No Capped during tank construction, never used H-2-73344

8210 Transfer line Yes Capped in diversion box 241-CR-153 H-2-73344/
H-2-73339

8231 Transfer line Yes Capped in diversion box 241-CR- 153 H-2-73344/
H-2-73339

8244 Transfer line Yes Capped in diversion box 241-CR-153 H-2-73344/
H-2-73339

8270 Transfer line Yes Connected to line 8210 - Capped in diversion H-2-73344/
box 241-CR-153 H-2-73339

8220 Transfer line Yes Capped in diversion box 241-CR-153 H-2-73344/
H-2-73339

8253 Drain line Yes Capped in diversion box 241-CR-153 H-2-73344/
H-2-73339

8247 Transfer line Yes Capped in diversion box 241-CR-153 H-2-73344/
H-2-73338

8326 Raw water No Sealed in 241-CR-04C at U5 H-2-73344

8281 Raw water No Sealed in 241-CR-04C at U4 H-2-73344

8320 Raw water No Sealed in 241-CR-04C at U3 H-2-73344

8274 Steam line No Capped below grade per H-2-71842 H-2-73344

8272 Air line No Capped per H-2-73344 H-2-73344

V050 Transfer line Yes Sealed in diversion box 241-A-152 H-2-73344

V051 Transfer line Yes Sealed in diversion box 241-A-152 H-2-73344

Viol Transfer line Yes Capped in diversion box 241-CR-152 H-2-73338

Unknown Raw water No (9) 2-in. lines capped above grade H-2-73344

M5 Saltwell pump Yes Capped H-2-73973
line

-- 04B pit drain No Plugged based on pit viper entry RPP-13194

* Verification documents reference information is provided in Section 9.0 of this document.
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Table 2-9. Tank C-104 Currently Open Lines.

Line Description Transfe Le? Planned Isolation Technique

A Cascade line to tank C-105 Yes No action until closure fill in tank C-104 or
C-105 blocks this line

-- 04A pit drain No To be left open

-- 04C pit drain No To be left open
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Figure 2-9. Tank C-107 Plan View.
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Table 2-10. Single-Shell Tank C-107 Previously Isolated Lines.

Intrusion Path Description Tank Waste Isolation Technique Verification*
Transfer Line? and Status

C1 (V145) Transfer line on Yes Isolated in diversion box H-2-73347,
tank nozzle C1 241-C-153, L10 H-2-73339, and

H-14-104175

C2 (V144) Transfer line on Yes Isolated in diversion box H-2-73347,
tank nozzle C2 241-C-153, L9 H-2-73339, and

H-14-104175

C3 (V143) Transfer line on Yes Isolated in diversion box H-2-73347,
tank nozzle C3 241-C-153, L8 H-2-73339, and

H-14-104175

C4 Spare tank nozzle No Line capped outside HW-72743
on C4 tank during

construction. Never
used.

Undesignated Transfer line. First Yes Valve manifold H-2-73450
cycle waste removed; blind flange
scavenging. 2-in. on lines
line in R-6.

2" M5 Transfer line - Yes Isolated in valve pit H-2-73338 and
saltwell 241-C, L3 H-14-104175

-- Saltwell pump pit No Saltwell pump pit lines H-2-73634
isolated and weather
covered

-- Weight factor No Lines isolated and H-2-73347,
enclosure off of weather enclosed H-2-73451, and
saltwell pump pit H-2-73634

* Verification documents reference information is provided in Section 9.0 of this document.

Table 2-11. Single-Shell Tank C-107 Currently Open Lines.

Line Description trans line? Planned isolation technique

A Cascade line to tank C-108 Yes No action until final closure fill in tank C-108
blocks this line
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Figure 2-10. Tank C-108 Plan View.
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Nine pathways enter tank C-108 or its associated pit. The pathways include lines, risers, a pit
drain, and ventilation ducts. Six pathways into tank C-108 have already been isolated, as shown
on Table 2-12. Current plans for isolation of all remaining pathways are shown in Table 2-13.
This work will be accomplished in accordance with the tank closure plan.

Table 2-12. Tank C-108 Previously Isolated Lines.

Intrusion Tank Waste

Path Description Transfer Isolation Technique and Status Verification*
Line?

C1 Spare tank nozzle No Capped during tank construction, H-2-73342
never used

C2 Spare tank nozzle No Capped during tank construction, H-2-73342
never used

C3 Spare tank nozzle No Capped during tank construction, H-2-73342
never used

C4 Spare tank nozzle No Capped during tank construction, H-2-73342
never used

M5 Saltwell transfer line Yes Capped outside valve pit H-2-73348/
H-2-73877

Unknown Waste scavenging Yes Capped H-2-73348
line in R-6

* Verification documents reference information is provided in Section 9.0 of this document.

Table 2-13. Tank C-108 Currently Open Lines.

Tank Waste
Line Description Transfer Planned Isolation Technique

Line?

A Cascade line to tank C-109 Yes No action until closure fill in tank C-108 or
C-109

B Cascade line from tank C-107 Yes No action until closure fill in tank C-107 or
C-108 blocks this line

-- 02C pit drain No To be left open

2.6.5 Tank C-112 Ancillary Equipment

Tank C-1 12 is connected to tank C-1Il by a 3-in.-diameter cascade line. Tank C-1 12 has nine
risers of varying diameters and lengths of protrusion into the tank. The risers provide access to
various in-tank equipment. Table 2-3 identifies the purpose of each riser. A cross-section view
of tank C- 112 is shown in Figure 2-4. Figure 2-11 illustrates the line and riser locations into and
around tank C- 112 along with their current uses.
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Figure 2-11. Tank C-112 Plan View.
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Eleven pathways enter tank C-1 12 or its associated pit. The pathways include lines, risers, a pit
drain, and ventilation ducts. Nine pathways into tank C- 112 have already been isolated, as
shown on Table 2-14. Current plans for isolation of all remaining pathways are shown in
Table 2-15. This work will be accomplished in accordance with the tank closure plan.

Table 2-14. Tank C-112 Previously Isolated Lines.

Tank waste Isolation technique and
Line Description transfer status Verification*

line?

C1 Spare tank nozzle No Capped at tank construction, Capped per
never used HW-72743

C2 Spare tank nozzle No Capped at tank construction, Capped per
never used HW-72743

C3 Spare tank nozzle No Capped at tank construction, Capped per
never used HW-72743

C4 Spare tank nozzle No Capped at tank construction, Capped per
never used HW-72743

V172 Waste transfer line; line Yes Valves disabled in closed H-2-73339,
is common with tank C- position; isolation blank on H-2-73351, and
109 nozzle in 241-C-252, U1 H-14-104175

Undesignated Saltwell transfer line (2 Yes Isolated at valve pit 241-C, H-14-104175
in.-M5) L5

Undesignated Valve manifold Yes Valve manifold removed H-2-73450
(first-cycle waste and both ends of line
scavenging) (R-3) blanked

Undesignated Weight factor enclosure No Lines isolated and enclosure H-2-73351,
lines off of saltwell is weather covered H-2-73451, and
pump pit H-2-73634

* Verification documents reference information is provided in Section 9.0 of this document.

Table 2-15. Tank C-112 Currently Open Lines.

Line Description Transfe Le? Planned Isolation Technique

B 3-in. cascade line from Yes No action until final closure fill in
tank C-111 tank C-1 12 blocks this line
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3.0 PLANNED WASTE RETRIEVAL TECHNOLOGY

This section provides a description of the primary and secondary waste retrieval technologies for
retrieving the waste from tanks C-102, C-104, C-107, C-108, and C-112. The rationale for
selection of primary and secondary technologies is provided in Section 3.3. However, in
accordance with Appendix C, Part 1 of the Decree:

"If 360 cubic feet is reached with the first retrieval technology, the first retrieval
technology shall be used to the "limits of technology" and a second retrieval technology
shall not be required."

The primary technology is the first technology deployed for waste retrieval.

The primary technology for C-102, C-104, C-108, and C- 112 will be modified sluicing. For C-
102 the modified sluicing will be done with an Extended Reach Sluicer (ERSS). If required to
meet the tank residual waste conditions in the Decree, the second technology for C-104, C-108
or C-1 12 will be a chemical retrieval process. The second technology for C-102 will be high
pressure water deployed with the ERSS. The primary technology for C-107 will be sluicing with
supernate or water. The second technology will be high-pressure water spray. Both of these
technologies will be deployed via MARS-S. The MARS-S is designed to implement both the
primary and secondary technology when needed. Retrieval activities will switch from one
technology to the other as required to reach the Consent Decree residual waste goal.

In accordance with the Decree, Appendix C, Part 1:

"If the waste residual goal of 360 cubic feet is not achieved using the established two
technologies, an additional retrieval technology established in a revised TWRWP shall be
deployed to the "limits of technology;" provided that DOE may request that the State
agree that DOE may forego implementing a third retrieval technology if DOE believes
implementing such technology is not practicable under the criteria set forth above [in
Appendix C, Part 1 of the Decree]. If DOE and Ecology are unable to reach agreement,
the resolution of the issue of whether a third retrieval technology shall be deployed shall
be resolved through the dispute resolution process set forth in Section IX of this Decree."

3.1 SYSTEM DESCRIPTION

This section provides a description of the waste retrieval systems (WRS) and how they will be
operated. Continued design development and incorporation of lessons learned may lead to
changes in the design and/or operating strategy.
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3.1.1 Physical System Description

The WRS will consist of a modified sludge sluicing system to mobilize and retrieve waste from
tanks C-102, C-104, C-108, and C-112. The sluicing system will consist of two (or more) sluice
nozzles and a slurry pump in each tank. The sluice nozzles or hydraulic sluicers will be
controlled from a control trailer located near the tanks. The sluice nozzles will be installed in
existing tank risers. The sluice nozzles will have the capability to direct liquid at various
locations in the tanks. The C-102 WRS will have the capability to use high pressure water to
break apart hard agglomerations of waste. The flow rate through the sluice nozzles will be
adjusted based on the pump-out rate so that the rate of liquid introduction will approximately
equal the rate of solution removal with the objective of minimizing the liquid waste volume in
the retrieval tank.

The WRS for tank C-107 will be the Mobile Arm Retrieval System-Sluicing (MARS-S).
Standard modified sluicing is maintained as an alternate WRS for C-107 in the event this first
deployment of the MARS-S has to be halted. The MARS-S sluicing process consists of an
extendable robotic arm suspended from a large central riser added to the tank and serves as the
deployment platform for two separate retrieval technologies. The MARS-S is a mobile arm
capable of rotating and extending in the tank. The system is equipped with two technologies to
mobilize the waste and direct it to a pump for removal. For one technology, the end of the arm is
equipped with sluice nozzles that direct supernate and/or water onto the waste surface from a
short distance away, and directs the mobilized waste slurry backwards to a slurry pump. A
second technology provided by the MARS-S is the addition of high pressure water spray nozzles
that serve to break up hard waste agglomerations and direct them to the slurry pump. The slurry
pump may use a backstop that can capture the slurry waste and is equipped with more supernate
and water nozzles to further break the waste up for removal by the pump.

The waste retrieved from tanks C-102, C-104, C-107, C-108, and C- 112 will be transferred to a
DST. To minimize the overall volume of waste requiring storage in the DST system, the waste
retrieval project plans to use DST supernate as the primary sluice liquid (see Section 3.1.2 for
operating description). The WRS will also have the capability to use raw water for sluicing with
valving change or minor modifications.

The waste retrieval plan as of October 2010 for using DSTs for waste receipt and as source tanks
for supernate recycle is shown in Figure 3-1. The DSTs were selected based on their location,
available space, and existing or planned equipment upgrades. Additional detail on the planned
use of supernate during waste retrieval is discussed in Section 3.2.
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Figure 3-1. Waste Retrieval Liquid Supply and
Double-Shell Tank Receiver Tank Designation.
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Various monitoring instruments will be used to collect data to support operation of the WRS and
perform environmental monitoring. Cameras will be installed in each of the SSTs to provide the
capability to visually monitor and aid in control of waste retrieval operations. Instrumentation
will also be provided to monitor process control data (e.g., pressures and flow rates).
This information will be used to support material balance calculations. The existing ENRAF
level gauges will be retracted during waste retrieval operations and will be used periodically to
monitor waste levels.

Before initiating waste retrieval, a formal waste compatibility assessment will be performed in
accordance with HNF-SD-WM-OCD-0 15, Tank Farm Waste Transfer Compatibility Program.
HNF-SD-WM-OCD-015 provides a formal process for determining waste compatibility through
the preparation of documented waste compatibility assessments for waste transfers. The primary
purpose of the program is to ensure that sufficient controls are in place to prevent the formation
of incompatible mixtures during waste transfer operations. Waste compatibility assessments are
prepared before all waste transfers into the DST system to ensure that the waste transfer will
comply with specific administrative control, safety, regulatory, programmatic, and operational
decision rules related to waste chemistry and waste properties. Waste compatibility assessments
require the preparation of calculations to determine source tank and/or receiver tank
compositions and to assess those compositions against specified decision rules that are provided
in HNF-SD-WM-OCD-0 15.

Formal issuance of the compatibility assessment will not be completed until just before waste
retrieval operations begin to ensure that current conditions are captured in the assessment.

During waste retrieval operations, the tank(s) being retrieved will be actively ventilated. The
ventilation system will consist of skid-mounted high-efficiency particulate air filtered portable
exhauster(s). Condensate drainage from the exhauster(s) will be routed back to an SST being
retrieved or an SST undergoing equipment installation in preparation for retrieval. Prior to any
change to this drainage routing a change to this TWRWP will be approved by Ecology.

ORP and the tank operations contractor (TOC), pursuant to federal requirements for protection of
their workers, will develop and implement a personal exposure sampling and monitoring plan for
SST waste retrievals. This plan will be developed and implemented by the operations Industrial
Hygiene (IH) departments per the TOC Environmental Health Program with consideration of
input from Ecology. Subsequent to issuance of the IH sampling and monitoring plan, changes to
that portion of the plan pertaining to sampling exhauster emissions at the stack will be provided
to Ecology for Ecology's information in as timely a manner as possible.

New equipment will be installed in the tanks to support waste retrieval. Existing equipment will
be removed if and as required to make room for the new equipment.

For modified sluicing tanks, the new slurry pump will be installed in the center riser located in
the center pit. Each pump may be mounted on a winch system that will allow the pump to be

ENRAF is a trademark of Enraf, Inc., Enraf B.V., Delft, The Netherlands.
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lowered as waste retrieval progresses. The pump suction will be installed just under the waste
surface to start, so little or no water should be required for installation due to the sludge nature
(i.e., not hard saltcake) of the waste and the small submergence of the pump suction. The system
will be designed to allow the pump suction to be lowered as low as possible in each tank to
facilitate maximum waste removal. This will allow approximately 10 ft of height adjustment.
The pump installation will be performed by lowering the pump into the tank with a crane. A
booster pump, if used, will be located within the central riser pit. The WRS for tanks C-108 and
C- 112 may require modifications to the saltwell pits to accommodate installation of a slurry
pump in the center of the tanks.

The modified sluicing pump adjustment features described previously should allow the pump to
be installed with little or no water additions. However, if tank conditions require water additions
to successfully install the pumps (e.g., debris under the pump installation riser), water additions
would be controlled in accordance with OSD-T-151-00013, Operating Specifications for Single-
Shell Waste Storage Tanks). This water would be added through one or both of the sluicers by
lancing or by backflushing through the pump. Lancing refers to lowering a water lance into the
waste and adding water to fluidize hard material under the addition point. The initial installation
height of the pump will be determined using the in-tank video system.

The sluice nozzles in tanks C-102 and C-104 will be installed within the existing pump and
sluice pits. The configuration of tanks C-108 and C-112 is different in that there are no concrete
pits and only a single central corrugated metal saltwell pump pit. The WRSs for tanks C-108 and
C- 112 will require design and construction of riser extensions to support the installation of the
two sluice nozzles and slurry pump.

A new central riser will need to be installed in C-107 to provide access for the MARS-S to the
tank. The MARS-S design puts the weight of the MARS unit and ancillary equipment on the
support pad around the central riser, not on the riser itself. See Section 3.1.1.1 for further
information concerning the installation of the new central riser for C-107.

Once the new riser is in place and the MARS-S support pad is installed, the platform is installed
that supports the weight of the MARS-S and distributes the load to the support pad. The C-107
MARS-S abovegrade equipment sits on this support platform located around the new riser. The
turntable is installed next. The MARS-S mast is installed onto the turntable and extends down
into the tank. The mast supports the MARS-S carriage and robotic arm. The arm has an elbow
and three telescoping segments and is attached to a carriage that moves up and down on the mast
when the arm is being installed or removed. The arm supports a wrist, with pan and tilt
capabilities and houses low pressure supernate and high pressure water nozzles attached to the
wrist. A strongback is deployed alongside the mast/arm within the riser. It supports the hose
management system and may include a video camera for viewing along the axis of the arm. The
combined motion of these components allows all waste bearing areas in the tank to be accessed
by the nozzles on the sluicing end-effector.

When the in-tank equipment is in place, the abovegrade equipment, including rotary union and
the transfer hoses for the MARS-S is installed. The last items installed are the shielding panels.
Drawing H-14-107936 shows the MARS-S assembly installation and H-14-107937 shows the
MARS general arrangement. The MARS-S is designed to meet the requirements in RPP-SPEC-
39989, Performance Specification for The Mobile Arm Retrieval System for Tank 241-C-107.
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The mast also supports the slurry pump. The combined motion of the turn-table, carriage, arm
telescoping segments, and wrist pan and tilt would be used to access all areas of a tank bottom
during a sluicing operation. The MARS-S uses several different processes to remove waste from
the tank. For the first methodology, several nozzles on the end-effector are used to mobilize
(dissolve or suspend waste in the sluicing fluid) waste and sweep it backwards to the intake of
the slurry pump. These nozzles normally use supernate for waste mobilization. A second
methodology uses additional nozzles on the end-effector to supply high pressure water to break
up hardened waste aggregations from a short distance away. The broken pieces are then
mobilized and directed back to the slurry pump.

The pump is planned to be equipped with a backstop that includes 'wings' to help capture waste
directed towards the pump, and additional nozzles which further direct the material to the slurry
pump intake and perform size reduction to enhance retrieval.

The MARS-S is equipped with a sensing system that detects back pressure when the arm bumps
into a tank wall or bottom, and halts motion of the arm in that direction before excessive pressure
is exerted. This is expected to minimize damage to the arm (or the tank wall/bottom). Visual
monitoring of the MARS-S head will also minimize bumping of the MARS-S head into the tank
wall or bottom. The sensor will be operable prior to insertion of the MARS-S into the tank, but
it is not planned to remove the arm to repair the sensor should it fail after the MARS-S is
installed.

The MARS-S is operated from a control trailer outside the tank farm.

The in-tank imaging system will be installed in an available riser in the tank. Table 3-1 provides
the planned riser usage for the tanks C-102, C-104, C-107, C-108, and C-1 12 WRSs. This riser
usage may change.

For C-104, a hydraulically operated tool will be inserted in riser 15 near the central pump pit.
This tool will extend to the bottom of the tank and be used to attempt to move debris under the
pump so the pump can be lowered. The tool is planned to also have water addition capability to
aid retrieval if necessary.

A potential ventilation equipment layout in the tank farm is provided in Figure 3-2. A sketch of
the WRS installation planned for tanks C-102 and C-104 is provided in Figure 3-3. A sketch of
the WRS installation planned for tanks C-108 and C-1 12 is provided in Figure 3-4. Figure 3-5
shows the potential MARS-S installation planned for C-107.

The portable valve boxes serve to control the routing and flow of liquid to the sluice nozzles and
to control water additions to the waste retrieval process. The valve boxes provide secondary
containment and the collection/detection of any leakage in a sump. The portable valve boxes
have leak detectors that are connected to the pump shutdown system in the control trailer. In the
event that a leak is detected in the portable valve boxes, the transfer pumps in the SST being
retrieved and in the receiver DST would be shut down. The portable valve boxes each have a
sump and a sump pump that can be configured to transfer any leakage to the SST being retrieved.

Portable diversion boxes will be added to the C-Farm retrieval system and will be used for the
tanks in this work plan. The transfer lines to and from up to three tanks will be routed through a
valving arrangement in each box to permit switching retrieval operations between the tanks. The

3-6



RPP-22393, Rev. 7

diversion boxes provide secondary containment and the collection/detection of any leakage in a
sump. The diversion boxes each have a leak detector that is connected to the pump shutdown
system in the control trailer. In the event that a leak is detected in a diversion box, the transfer
pumps in the SST being retrieved and in the receiver DST would be shut down. The diversion
boxes each have a sump and a sump pump that can be configured to transfer leakage to the SST
being retrieved.

The transfer lines and DSTs are RCRA compliant.
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Figure 3-2. Potential New Ventilation Equipment Layout.
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Table 3-1. Planned Riser Usage for Tanks C-102, C-104, C-107,
C-108, and C-112 Waste Retrieval System.

Riser Number Tank C-102 2  Tank C-104 2  Tank C-107 2  Tank C-108 2  Tank C-112 2

2 ENRAF level Exhauster Multiport Sluicer Sluicer

gauge connection adapter

3 Sluicer Sluicer Exhauster Vacuum Exhauster
connection relief/camera connection

port

4 Condensate
return

5 ENRAF level
gauge

6 Sluicer Sluicer -- Exhauster Vacuum relief,
connection camera port

7 Vacuum relief, Vacuum relief Multiport Sluicer Sluicer
camera port adapter with inlet

vent and camera
ports.

8 ENRAF level ENRAF level ENRAF level
gauge gauge gauge

13 Slurry pump Slurry pump -- Slurry pump Slurry pump

New 13 -- -- MARS-S -- --

14 -- Camera port -- -- --

Condenser Exhauster --

hatchway connection

ENRAF is a trademark of Enraf, Inc., Enraf B.V., Delft, The Netherlands.
2Riser usage may change following detailed design and/or during operations.
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Figure 3-3. Tanks C-102 and C-104 Waste Retrieval System In-Tank Components.
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Figure 3-5. Tank C-107 Waste Retrieval System-Bulk Retrieval Operations.
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3.1.1.1. Installation of New Large Central Riser for MARS-S in C-107

Below is a description of the planned method for installation of the new large central riser for
C-107. The description is provided is a general guide only, and the final method followed may
differ somewhat from that described, depending upon final testing and work control
developments.

The new central riser for C-107 will require excavation of soil around the existing central caisson
down to the concrete dome. Excavation will be performed per the requirements developed to
minimize tank structural issues while meeting personnel safety concerns. The existing old
saltwell equipment caisson on the tank will be removed and a new nominal 74 inch diameter
caisson installed. The area around the new caisson will be backfilled and support pads installed.
A nominal 55 inch diameter hole is then cut into the tank dome. It is planned to cut the hole
using garnet suspended in a high pressure water slurry. The concrete plug formed when the hole
is cut will contain the old 12 in. tank riser, if it hasn't already been removed. The plug will be
suspended during the cutting operation using anchor bolts attached via rigging to a crane hook.
When the hole cutting is complete the plug will be removed and a new nominal 47 inch central
riser with a shielding plug installed to fill the opening. The new riser is then adjusted with
leveling jacks to provide correct alignment.

The dome cutting and riser installation method is described on drawing H-14-107697, Large
Riser Installation Sequence. Related information is shown on drawing H-14-107694, Site Plan,
H- 14-107695, Large Riser Details, H- 14-107696, Pad Details, and H- 14-107698, Riser Plug
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and Anchor Plate Details. The backfill requirements for the riser installation process are
provided in RPP-SPEC-41963, Construction Specification for Installation ofA Large Riser on A
Single-Shell Tank.

The large riser will not transmit a load to the dome by means of direct contact (i.e. MARS-S
equipment weight is not put on the large riser), the loads from the retrieval equipment and
concrete pad are instead distributed to the soil. See Appendix G for a more thorough explanation
of the dome cutting and riser installation and for response to Ecology questions on the
installation.

Installation of the large riser will be evaluated for hazards following current TOC hazards review
procedures prior to performing the installation.

Prior to cutting the central hole, the anchor bolts used to support the plug during cutting and
removal will be installed by qualified personnel following manufacturer's recommendations and
checked as described in the controlling work documentation to verify the bolts have acceptable
contact with the plug. The method for suspending the plug during and after the cutting step is
designed to be quite conservative. The concrete present in the dome is believed to have more
than adequate strength to support the plug with the anchor bolts in place. Based upon in-tank
video of the tank dome, the tank thermal history, and the construction method for the dome there
is no reason to suspect any concrete degradation has occurred.

Structural evaluations have been performed evaluating the tank dome loading conditions
resulting from cutting the hole into C-107 and adding the large riser for support of the MARS-S
equipment, and monitoring/evaluation will be performed during the riser installation process.
The pre-cut evaluations are RPP-CALC-43416, An Evaluation of Single-Shell Tank 241-C-1 07
for the Addition of a Large Penetration in the Tank Dome, and RPP-CALC-47657, Single-Shell
Tanks Large Penetration Addition: Tank 241-C-107 Dome and Haunch Comparative Analysis.
These pre-cut evaluations show the structural integrity of the tank dome will be maintained
following the installation of the large riser.

An independent, qualified registered professional engineer (IQRPE) report will be prepared and
issued for the large riser installation. This report will be separate from the IQRPE report for the
MARS-S retrieval equipment. See Section 3.8 for clarifying words on WAC compliance.

3.1.2 Double-Shell Receiver Tanks

The supernate pump and slurry distributor installed in DST AN-106 may continue to be used to
pump supernate back to the C farm and distribute the sludge as received from the SST. The
pump in DST AN-101 will also be used to pump supernate in support of C farm retrieval. A new
slurry distributor will be installed in DST AN-101 to distribute the sludge received from C farm
tanks. A new supernate pump and a new slurry distributor will be provided if needed for DST
AZ-101 to support waste retrieval operations.

Because the elevation of the AN farm is approximately 22 ft higher than the C farm and the
elevation of the AZ tank farm is approximately 25 ft higher than the C farm, the slurry distributor
and the supernate pump incorporate anti-siphon devices to prevent unintentional flow from the
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DST to the SST. All waste transfers, including transfer of waste from the C farm tanks to the
DSTs and the transfer of supernate from DSTs back to C farm tanks, will be performed using
transfer lines that provide secondary containment. The waste retrieval project currently plans to
use overground hose-in-hose transfer lines (HIHTLs) and the Resource Conservation and
Recovery Act of1976 (RCRA)-compliant DST transfer system.

3.1.3 Waste Retrieval System Operating Description

The overall WRS operating strategy will consist of reducing the SST waste inventories.
The process will be monitored using closed-circuit television to facilitate waste retrieval and
minimize any liquids in the tanks. Supernate will be used as the primary retrieval liquid.
Raw water will be used in limited quantities as necessary for waste conveyance and transfer line
flushing.

During routine modified sluicing operations, waste retrieval will be initiated by starting the
supernate pump in the DST source tank and using the pumped supernate to provide sluicing fluid
to the selected sluice nozzle. Initial sluicing will be focused in the center portion of the tank to
minimize the time required to get liquid to the slurry pump to allow it to be started. The in-tank
camera will be used to provide visual input for directing the sluice nozzle. The slurry pump in
tank C-102, C-104, C-108, or C- 112 will be started as soon as liquid from the sluicer operation
reaches the area of the pump inlet and there is enough liquid present to prime and operate the
pump. During waste retrieval, the flow of liquid into the tanks through the sluice nozzles will be
controlled to both limit accumulation of liquid in the tank and to maximize waste retrieval
efficiency. The slurry removed will consist of both mobilized tank waste and DST supernate
used for mobilization. Maintaining a balanced pumping rate into and out of the tanks is integral
to minimizing the liquid volume in the tanks and reducing the potential for leakage.

An additional technology provided by the ERSS is the capability to add high pressure water to
break up particles that resist breakup or mobilization with the lower pressure supernate (or water)
stream. High pressure water could be used at any time during the retrieval process but it is not
envisioned that much will be needed until towards the end of retrieval.

During routine MARS-S operations, waste retrieval is similar to that for modified sluicing, with
the exception that the supernate nozzles on the MARS-S will be located near the waste surface.
The MARS-S arm will be moved radially and axially to reach all areas of the tank. The slurried
waste is directed back to the central pump and removed from the tank. Nozzles located at the
pump backstop are used to further break up waste particles. An additional technology provided
by the MARS-S is the capability to add high pressure water to break up particles that resist
breakup or mobilization with the lower pressure supernate (or water) stream. Water could be
used at any time during the retrieval process but it is not envisioned that much will be needed
until towards the end of retrieval.

If initial sluicing efforts show that tank C-102, C-104, C-107, C-108, or C-112 sludge is not
readily mobilized, it may be necessary to add sufficient liquid to the tank(s) to cover the sludge
and allow it to sit for a period of time to soften the solid waste before sluicing is resumed. It is
not likely that there will be any need to soften the waste. Tank C-108 waste is estimated in the
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BBI to be about 40 wt% water; tank C-102 waste is estimated to be 40 to 65 wt% water; and
tanks C-104, C-107, and C-112 waste is estimated to be about 50 wt% water. The only reason to
soften the waste would be if the surface had become so hard it resisted breakup by solution from
the sluicing nozzles. Extensive dryout of the waste (not likely at the estimated water levels and
the 70 to 100 'F waste temperatures) could cause some agglomeration of the material. The waste
could also be held together with salt crystals from supernate that had evaporated. Should either
of these occur and the waste not breakup effectively when hit with solution from the sluicing
nozzles, adding liquid to the waste surface may be tried to soften it for retrieval. Liquid breaks
down the bonds in dried out waste or dissolves most salt crystals. The supernate used will not be
saturated at the start of retrieval in a tank and thus will be expected to dissolve such salts or
break the crystal structure down sufficiently to permit retrieval.

The volume of free liquid added to soften any waste would be minimized by keeping the free
liquid height above the waste to as small as practical. Any free liquid added beyond this would
provide little benefit. The time period needed to soften the waste is unknown; it is expected to
be a few days or longer.

Pumping during sluicing will maintain minimum liquid volume in the tanks. This will be
performed by initially directing the nozzle flow towards the center of the tanks. As the sluice
liquid contacts the tank waste, the sludge will be mobilized and retrieved via the slurry pumps.
Typically, one sluicer will be operated at a time operating at a flow rate of approximately 60 to
120 gal/min.

During all field activities, standard operating procedures and safety precautions will be
implemented to protect worker health and safety, the public, and the environment. In accordance
with standard operating procedures, health physics and industrial health technicians will monitor
conditions within the tank farm in accordance with approved monitoring plans.

When the level of residual solids gets low in the tank, the volume of solids removed per unit
volume of sluicing fluid removed from the tank will be tracked. The units used will be selected
by engineering personnel. Waste retrieval operations will continue in an effort to obtain the goal
of 360 ft3 or less of residual waste remains in the tank, and/or the limits of technology have been
reached for this retrieval method. The project will determine when a tank retrieval is complete
by following the Consent Decree requirements stating "that the recovery rate of that retrieval
technology for that tank is, or has become, limited to such an extent that it extends the retrieval
duration to the point at which continued operation of the retrieval technology is not practicable,
with the consideration of practicability to include matters such as risk reduction, facilitating tank
closures, cost, the potential for exacerbating leaks, worker safety and the overall impact on the
tank waste retrieval and treatment mission."

Until a risk evaluation is available, the limit of technology for modified sluicing is defined in
RPP-50910, Single-Shell Tank Waste Retrieval Limit of Technology Definition for Modified
Sluicing as when the concentration of SST waste in the retrieved slurry sent to the DST is within,
or bracketing, the range of 0 to 0.6 volume percent.

There is no limit of technology definition for an ERSS or MARS-S waste retrieval process. A
limit of technology definition will not be developed until sufficient ERSS and MARS-S retrieval
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operations have been performed to enable development of a justifiable definition. Until an ERSS
MARS-S limit of technology definition is developed the same value used for modified sluicing
in RPP-50910 is applied to MARS-S retrieval operations.

There is no limit of technology definition for a chemical retrieval process. A limit of technology
definition will not be developed until sufficient chemical heel retrieval operations have been
performed to enable development of a justifiable definition. It is estimated that this will take 3 to
4 heel retrieval operations.

Appendix C, Part 1 of the Decree defines the limit of technology as follows:

"The "limits of technology" means that the recovery rate of that retrieval
technology for that tank is, or has become, limited to such an extent that it extends
the retrieval duration to the point at which continued operation of the retrieval
technology is not practicable, with consideration of practicability to include
matters such as risk reduction, facilitating tank closures, costs, the potential for
exacerbating leaks, worker safety, and the overall impact on the tank waste
retrieval and treatment missions."

For MARS-S, data for retrieval performance measurement used to show the limits of technology
have been met will be used after implementation of one or both low pressure sluicing and high
pressure water operations (each technology will not be evaluated separately for its limit of
technology).

Experience has shown that unexpected waste forms and tank conditions may be encountered and
that equipment performance can degrade with time. The ORP will inform Ecology at least every
2 weeks, through normally scheduled meetings, about unexpected waste forms, behavior and
tank conditions along with retrieval equipment performance changes that would impact overall
retrieval rates and retrieval volume. If a normally scheduled meeting does not occur Ecology
will initiate a meeting for this information exchange.

At these meetings, ORP will provide to Ecology the basis and rationale for continuing retrieval
when it is suspected that waste form behavior, tank condition and/or equipment performance has
diminished significantly or performance impacted the ability of the deployed equipment to
operate in order to meet the waste residual goal of 360 ft3 .

Ecology is notified in the Tri-Party Agreement project manager's monthly meeting when the
limits of technology have been reached. Status reports are continued until waste retrieval
operations cease. An SST waste retrieval evaluation form and a retrieval report are then
prepared and issued and in accordance with the Decree, Part IV, B. 5:

"When DOE completes retrieval of waste from a tank covered by this Decree, DOE will
submit to Ecology a written certification that DOE has completed retrieval of that tank.
For purposes of this Consent Decree, "complete retrieval" means the retrieval of tank
waste in accordance with Part 1 of Appendix C and with the retrieval technology/systems
that were established by Part 1 of the TWRWP either by approval of Ecology or after
dispute resolution by the Court under Section IX of the Decree."
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Following completion of waste retrieval and final tank flushing, the residual waste volume will
be determined using the methodology defined in RPP-23403, Single-Shell Tank Component
Closure Data Quality Objectives, and RPP-PLAN-23 827, Sampling and Analysis Plan for
Single-Shell Tanks Component Closure.

3.1.4 Chemical Retrieval Process

Chemical retrieval process details are contained in the process control plan for each tank using a
chemical retrieval process. When samples are available the retrieval process is tested on samples
of tank waste. If hard heel samples are not obtained the hard heel composition is deduced from
tank historical data. The hard heel volume to be treated is normally not known until sluicing
retrieval is complete. The hard heel volume can be determined from visual observation, level
sensors, or liquid displacement using tank level sensors. The composition and volume of the
heel are used to determine the quantity and type of chemicals used for chemical retrieval process.

The chemical retrieval process may be a series of steps or a single action depending on how the
waste reacts to the process. If a single step will dissolve sufficient solids to achieve the volume
reduction mandated by the Decree, only one chemical retrieval process step will be deployed.
The chemical retrieval process may include one or more of the following:

* water to remove compounds insoluble in the caustic liquids found in the tanks,
* high molarity caustic solution to break down aluminum hydroxide compounds, or
* other chemicals to aid the retrieval of sludge.

Ecology will be informed of the pre-retrieval estimated volume of liquid(s) to be added to the
tank prior to the initial addition(s). Water additions for dissolution and volume reduction
associated with a chemical retrieval process are separate actions from the heel rinse described in
section 3.2.

Unlike modified sluicing, there is no operational data available that can be used to estimate the
recovery rate for a limit of technology determination for a chemical retrieval process planned for
C-104, C-108, or C- 112. If the first step of a multiple step dissolution achieves the Decree
volume target the limit of technology will be considered to have been met for the chemical
retrieval process technology. Using unnecessary chemical retrieval process steps adds risk to
worker safety and has retrieval schedule impacts, DST storage volume impacts, and thus possible
mission impacts.

If the Decree target volume is not achieved, and all steps of the chemical retrieval process have
been deployed as specified in the process control plan, the limit of technology will be considered
to have been met for the chemical retrieval process provided the data shows that additional
chemical retrieval process steps are not practicable.

Consideration for additional waste retrieval actions will be according to the Decree Appendix C,
Part 1 as noted in section 3.0.
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3.2 LIQUID ADDITIONS DURING WASTE RETRIEVAL

Supernate from DST AN-101, AN-106, or AZ-101 will be introduced to tanks C-102, C-104,
C-107, C-108, and C-112 to mobilize sludge. Supernate will be added at a rate of approximately
60 (or less) to 120 gal/min. The retrieval liquid, along with tank solids, will be removed from
these tanks at approximately the same rate. Utilizing recycled supernate to retrieve the waste
from the tanks will minimize the overall volume of waste generated during the waste retrieval
process. The modified sludge sluicing process will minimize the volume of liquid in the SST
during waste retrieval operations.

The use of supernate will be limited by the following:

1. The waste compatibility assessment for supernate recycle will be completed and reported
to Ecology. This compatibility assessment shall be made to determine if the solution is
acceptable for use in retrieving the SST solids. Ecology will be informed of the results of
this assessment, before initiation of retrieval operations and a copy of the assessment report
shall be provided to Ecology

2. Submittal of a retrieval data report, as described in M-045-86, 12 months following DOE's
certification to Ecology that retrieval is complete. That report shall include a review of the
efficiency and performance of the in-tank settling of the retrieved solids in the receiving DST, an
estimate of the amount of solids that were recycled during waste retrieval, and the impacts those
solids have on removing additional solids from the SSTs.

3. Should the SST be shown to leak during the retrieval process, a liquid sample will be taken if
needed to verify the 99Tc concentration in the DST supernate used for sluicing.

4. Should a DST sample be required during the C-102, C-104, C-107 or C- 112 retrieval process for
corrosion control or other reasons, a 99Tc analysis will be requested on the sample. A DST
sample has already been obtained during the C-108 retrieval process.

5. Ecology will be informed by email when the cumulative volume of supernate liquid being
recycled exceeds the estimated quantity of 1 million gal., and for each incremental 1 million gal.
recycled.

6. Following the use of supemate, a minimum of three tank heel rinses using a minimum volume of
raw water that is three times the estimated residual waste volume will be required to ensure that
residual waste is removed to the extent practical. If the TOC shows that a comparable reduction
in soluble supemate constituents has been accomplished through other retrieval actions, the rinse
may be omitted.

When adding liquid to the SST for the sole purpose of obtaining a waste level measurement, the
following conditions apply:

1. The HRR leak detection system for the tank described in Section 4.2.1 must be
continuously operable for at least 48 hours prior to the liquid addition.

2. The benchmark level described in Section 4.6.1 will not be exceeded during the liquid
addition.
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3. Excess liquid will be removed from the tank as soon as practical once a usable waste
level measurement is obtained.

4. The liquid to be used for volume displacement measurement should only be
supernate. Use of raw water for volume displacement instead of or in addition to
supernate shall be discussed with Ecology prior to use.

A process flowsheet has been prepared for the C farm 100-series tanks (RPP-21753, C Farm
100-Series Tanks, Retrieval Process Flowsheet Description). The calculations performed in
support of the flowsheet assume that the retrieved solids are about 3 vol% in the slurry
transferred to the receiving DST. The waste retrieval process flowsheet estimate of the total
liquid volume transferred during the sluicing of each tank is provided in Table 3-2. In addition,
the flowsheet allocates a nominal 105,000 gal. of water for tank and equipment flushing during
each tank's waste retrieval operations. Following the initiation of C-104 active retrieval
operations, solutions currently contained in the CR vault sumps for Cells 1, 2, 3, and 11, and line
flush water may be transferred using a hose-in-sleeve line into C-104 for subsequent transfer out
to the receiving DST. See approved TWRWP change modification notice 2009-2 in Appendix G
for additional Ecology CR Vault sump solution transfer requirements.

Table 3-2. Tank C-102, C-104, C-107, C-108, and C-112
Waste Retrieval Summary Data. a

Initial Tank Estimated
Waste Volume Retrieval Flush DST Supernate Operating

Tank prior to Retrieval Volume (kgal) Recycle (kgal) Duration (days)

(kgal)

C-102 316 105 10,270 115

C-104 259 105 8,420 100

C-107 247 105 8,070 98

C-108 66 105 2,180 50

C-112 104 105 3,410 60

DST = double-shell tank.

a RPP-21753, 2005, C Farm 100-Series Tanks, Retrieval Process Flowsheet Description, Rev. 1, CH2M HILL
Hanford Group, Inc., Richland, Washington.
b Flushing volume allocation from RPP-21753.

' Durations estimated based on the general operating assumptions of 3 shifts operating 7 days/week with 60%
operating efficiency. Sluicing durations assume 3 vol% solids loading in slurry and an average transfer rate of

75 gal/min.

At the cessation of retrieval operations, the tank walls and heel will be flushed with water.
When performing the flushes, the flush water may be used to push some of the residual waste to
a convenient sampling location. For each flush, the volume of water added will be metered and
recorded. The flush liquid will be pumped to a minimum heel following each flush addition.
It is assumed that performing the final tank flushes will remove residual solids to the extent
practical on the walls, dilute soluble radionuclides and chemicals in the tank liquid, and may
dissolve potentially soluble compounds that are insoluble in the higher molarity caustic solutions
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normally present in the tank. The ENRAF level gauge readings taken during the flushing will
provide backup data for final tank residual waste measurement.

The final flush volume will be dependent upon the final heel composition and volume. As a
minimum, there will be three flushes with a minimum flush volume of three times the volume of
the estimated waste heel volume.

The timing for transfers out of tanks C-102, C-104, C-107, C-108, and C- 112 is dependent upon
personnel resource availability, equipment availability, and DST conditions. Once waste
retrieval is started, it should follow the general pattern described, but no liquid additions or
removals to/from these tanks can be predicted for more than a day or two in advance; therefore,
no detailed timeline can be developed showing all liquid additions and removals. The water or
supernate addition/removal may be intermittent or continuous. Based upon experience with
other modified sluicing and saltcake dissolution retrievals, it will likely last 8 to 16 hours, then
be followed by at least a few days wait, then continue. Work continuity will be dependent upon
resource availability and external influences. Ideally the retrievals could be completed within a
few months, but delays with tank farm work and lack of available resources could stretch
retrieval times out to 12 months per tank.

3.2.1 Basis for Using Supernate

If water were to be used for retrieving the waste from tanks C-102, C-104, C-107, C-108, and
C-1 12, the total volume of liquid required would be approximately 32.9 million gal.
(32.4 million gal. for retrieval at 3 vol% waste + 5 x 105,000 gal. for flushes). If water were
used for retrieving waste from the five C farm tanks addressed in this document, the retrieved
waste volume would exceed the capacity of the DST system and would require multiple waste
transfers to other DSTs and evaporation of the liquid to reduce the volume. To evaporate all of
the water to retain DST operating space, 50 to 100 evaporator campaigns lasting for between
3.5 and 8 years would be required. This number of transfers and evaporator campaigns would
induce significant delays to waste retrieval operations.

Because the supernate is recycled, the net liquid addition to DST receipt tanks will be the
nominal 90,000 to 105,000 gal. of flush water per tank plus the volume of interstitial liquid in the
retrieved tanks. Following completion of C tank farm waste retrievals, the DST receipt tanks
will be at or near their storage capacity.

The basis for the number of evaporator campaigns and their durations comes from the following
group of assumptions:

Currently an evaporator campaign may be 400,000 to 800,000 gal. Evaporation is done
on a feed tank basis. If a DST were freed to hold only retrieval water-waste slurry, up to
1 million gal. could be evaporated per batch. If it were necessary to mix the dilute slurry
with a number of other tanks, a batch size may be reduced to only approximately
300,000 gal.
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* The dilute sluicing fluid would require two passes through the evaporator to achieve full
concentration.

* The first pass through the evaporator would achieve a 50% waste volume reduction.

* An average of 1 week of transfers is required to fill the feed tank with 1 million gal. of
feed.

* A 1-million-gal. campaign could last approximately 12 days or more, and 2 days of
campaign shutdown activities would be required before the next campaign could be
started.

All of these assumptions are based on prior evaporator operating experience.

The number of campaigns is determined by starting with the initial volume of waste to be
processed, 32.9 million gal. To this is added the volume of waste left after the first pass through
the evaporator (i.e., 0.5 x 32.9 million gal. = 16.4 million gal.). Summing these volumes gives
49 million gal. Dividing by the 1-million-gal. campaign volume gives about 50 campaigns.

The duration of the campaigns is equal to the sum of duration of its elements (i.e., transfers
[7 days] + evaporator campaign [12 days] + shutdown [2 days] = 21 days).

The duration of 50 consecutive campaigns is 1,050 days. Adjusting this value for the operating
efficiencies of between 70 and 90%, gives a total duration for 50 consecutive 1-million-gal.
campaigns of between 3.5 and 4 years. This is a theoretical time only. To this must be added
downtime for maintenance and other issues, and the additional problems associated with
transferring 32.9 million gal. of waste within tank farms. The 25 DSTs in the 200 East Area
contain approximately 23.3 million gal. as of November 30, 2004. At a nominal 1.1 million gal.
per tank, there is no room for the volumes associated with all water sluicing, nor will there be
sufficient space cleared up until a number of years following Waste Treatment Plant startup.
Therefore, evaporation time for water sluicing only will take longer than 3.5 to 4 years.

This evaluation of the impact of water-only sluicing should be considered as the minimum
possible impact. Other factors (e.g., staging transfers to accumulate the required volume of
waste feed, problems associated with sampling and analysis) could cause additional delays of the
evaporator operations, and further impact waste retrieval operations.

The advantages and disadvantages of using supernate recycle instead of water for retrieval
of the waste in tanks C-102, C-104, C-107, C-108, and C-1 12 are provided in Table 3-3.

Table 3-3. Advantages and Disadvantages of Using DST Supernate for Retrieval of
Insoluble Waste Solids. (2 Sheets)

Approximately 1 million gal less liquid effluent discharged from the
Supemate Recycle Liquid Effluent Treatment Facility in the 200 East Area for every 1

million gal of water saved.

Supernate Recycle An estimated 13 to 22 fewer drums of waste sent to disposal from the
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The advantages and disadvantages of using supernate recycle instead of water for retrieval
of the waste in tanks C-102, C-104, C-107, C-108, and C-1 12 are provided in Table 3-3.

Table 3-3. Advantages and Disadvantages of Using DST Supernate for Retrieval of
Insoluble Waste Solids. (2 Sheets)

Advantage Liquid Effluent Treatment Facility for every 1 million gal of water
not added to the tank.

Supernate recycle provides a huge increase in DST room available for

Supernate Recycle waste retrieved from SSTs. If this volume is not available due to

Advanta e sluicing with water, some SST waste retrievals in addition to that
A a discussed in this document will be delayed, resulting in wastes

remaining stored in noncompliant tanks for a longer period.

Supernate Recycle There will be a nominal two to three fewer evaporator campaigns for
Advantage each 1 million gal of water saved.

Supernate recycle will require less fresh NaOH and NaNO 2 to be
added to bring the resulting DST solutions into the concentration
limits specified for corrosion control. Depending on other constituent
concentrations in the DST solutions following mixing with the

Supernate Recycle insoluble solids slurry and flush water, between 0 and 44,000 kg of
Advantage 100 % NaOH will need to be added to the DST system to bring each

1 million gal of insoluble solids slurry and flush water into
specification. Some additional NaNO 2 may also be required
depending on other constituent concentrations in the DST solutions
following mixing with the insoluble solids slurry and flush water.

Elimination of the need to process the additional NaOH and NaNO 2Supernate Recycle chemicals through the WTP. A 44,000-kg addition of sodium to the
Advantage DST system would require about 15 days of WTP operating time.

Supernate Recycle The design and equipment costs to recycle supernate are more than
Disadvantage the design and equipment costs associated with water addition.

Supernate Recycle The supernate recycle process is not as flexible due to the added

Disadvantage difficulties of maintaining equipment that is contaminated vs. that
which has only contacted water.

Supernate Recycle The supernate recycle process is more complex due to the need for

Disadvantage encased lines and leak detection equipment not needed for water only
lines.

Supernate Recycle A DST pump with an adjustable suction or a suction fixed in the

Disadvantage supernate well above the sludge level is required for supernate
recycle.
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3.3 TECHNOLOGIES CONSIDERED AND RATIONALE FOR SELECTION

Primary candidate waste retrieval technologies currently available for deployment at tanks C-
102, C-104, C-107, C-108, and C- 112 are (1) modified sluicing, (2) the mobile retrieval system,
and (3) sluicing with MARS-S. Modified sluicing uses water or DST supernate to mobilize
waste to a pump where it can be removed from a tank. The mobile retrieval system consists of
an articulated mast system, which is a vacuum-based system deployed in the center of the tank
with a crawler deployed to move sludge from the perimeter of the tank to the center of the tank
where it can be removed with the vacuum system. MARS-S is believed to offer an improvement
over modified sluicing because the mobilizing fluid is added closer to the waste surface and can
direct the slurry better to the slurry removal pump.

Although modified sluicing and MARS-S could introduce more liquids to the tank than the
mobile retrieval system, the modified sluicing and the MARS-S sluicing systems provide a
higher waste retrieval rate and are much better for retrieval from sound tanks. Addition of liquid
to sound tanks as identified in HNF-EP-0 182 using the modified sluicing or MARS-S systems is
acceptable. The mobile retrieval system uses vacuum to remove waste to the tank farm surface
where liquid is added to enable the waste to be transferred as a slurry. Because of this
difference, the mobile retrieval system or the MARS vacuum system (not described in this
document) are currently the preferred waste retrieval technologies for known or suspected
leaking tanks.

When modified sluicing or MARS-S sluicing are performed using DST supernate, the overall
volume of waste requiring management (storage and/or volume reduction) in the DST system is
reduced.

Modified sluicing is a proven technology that has been successfully demonstrated. The only
volume added to the DST system is the volume of sludge removed from the SST, plus the water
used for line flushes or other uses. There is no deployed process that is more effective.

The MARS-S sluicing system is expected to be an improvement over modified sluicing because
it is believed capable of reducing the residual waste volume in a tank to below the Consent
Decree limit without requiring an additional technology. The MARS-S enables close access to
almost all of the waste in a tank to improve waste mobilization over that of modified sluicing.
The first deployment of the MARS-S sluicing system will demonstrate the system capabilities, as
well as provide time for making improvements if necessary prior to further deployment. After
considering both candidate waste retrieval technologies and designation of the tanks as being
sound, modified sluicing using recycled DST supernate was selected as the primary technology
for deployment in tanks C-102, C-104, C-108, and C-112. The MARS-S sluicing system is
selected for deployment on C-107. This will be the initial deployment for the MARS-S system.
The operating experience will provide information for future deployment of the system.

The second technology alternatives, if necessary, should one be required for residual waste
removal following modified sluicing, are an in-tank vehicle, high pressure water, and a chemical
retrieval process.

Generally, an in-tank vehicle is desirable for large or monolithic particles since it can break these
up for sluicing, while a chemical retrieval of larger aggregates may be slow or ineffective due to
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the small surface area for dissolution. High pressure water or an in-tank vehicle is preferred as
the heel volume increases because a chemical retrieval process may take up too much DST space
and, for caustic or acid dissolutions, will have proportionally more impact to the DST space. A
chemical retrieval process is preferable for heels where the volume is relatively low so the
impact on DST space and the WTP throughput volume is less. A chemical retrieval process may
also be preferable if the particles are small because the surface area for dissolution is greater and
an in-tank vehicle may just push the fine particles around the tank.

A chemical retrieval process was selected as the second technology for C-104 and C-108 as it
can be deployed in less time than an in-tank vehicle and because it is believed the estimated
residual heel volume could be chemically reduced to below 360 ft3 without causing a significant
impact to the available DST space or the WTP throughput volume.

A chemical retrieval process was selected as the second technology for C- 112 as it can be
deployed in less time than an in-tank vehicle when the primary technology is no longer effective
and the tank residual waste volume in the Decree is exceeded.

High pressure water was selected as the second technology for C-102 as it can be deployed in
less time than an in-tank vehicle when the primary technology is no longer effective and the tank
residual waste volume in the Decree is exceeded.

Second technology selection inherently relies on past experience and assumptions on the tank
waste characteristics that will be present after the first technology is deployed to its limits. If

new data is obtained that shows chemical retrieval is not the preferred second technology for
tanks C-104, C-108, C-102, and C- 112 a TWRWP modification will be made to seek approval
for the preferred technology.

The primary and second technologies selected are anticipated to provide the best methods to
achieve the 360 cubic feet target volume goal specified in the Decree, when deployed to their
"limits of technology." The "limits of technology" as defined in the Decree is noted in section
3.1.3.

3.4 ANTICIPATED PERFORMANCE GOALS

The retrieval technology equipment selected for tanks C-102, C-104, C-107, C-108, and C-112
will be designed, operated, and deployed to each of their limits of technology, as defined in this
document, in an effort to obtain a waste residue goal of 360 cubic feet of waste or less for each
tank in accordance with the Decree (see Table 3-2).

3.5 WASTE RETRIEVAL SYSTEM DIAGRAM

A preliminary diagram of the modified sluicing WRS in-tank components is provided in Figures
3-3 and 3-4. A preliminary diagram of the MARS-S sluicing WRS is provided in Figure 3-5.
As noted in Section 3.1.1, the elevation in the AN tank farm is approximately 22 ft higher than
the elevation in the C tank farm and the elevation in the AZ tank farm is approximately 25 ft
higher than the elevation in the C tank farm.
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3.6 WASTE RETRIEVAL SYSTEM FUNCTIONS AND REQUIREMENTS

This section defines the upper-level functions and corresponding requirements to which the tanks
C-102, C-104, C-107, C-108, and C-1 12 WRSs must be designed and operated. This work plan
is not a system specification that defines design criteria for the WRSs. However, the system
specification for the tanks WRSs will be consistent with this work plan. The functions and
requirements are provided in Table 3-3 and are focused on defining the upper-level requirements
for the tanks.
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Table 3-4. Tanks C-102, C-104, C-107, C-108, and C-112 Waste
Retrieval System Functions and Requirements. (2 Sheets)

Function Requirement Basis* Key Elements

Control gaseous The ventilation system exhaust WAC 173-303 Mitigate potential
and particulate shall be filtered to restrict WAC 173-400 release to the public
discharges emissions to the environment. WAC 173-460 and the environment.

WAC 246-247

TFC-ESHQ-ENV-
STD-03

TFC-ESHQ-ENV-
STD-04

Mitigate potential Prevent inadvertent release from RPP-13033, Do not raise waste level
for leaks to occur tank C-102, C-104, C-107, C-108, Section 3.3.2.3.4 above benchmark level.
during waste or tank C- 112 to the environment. Benchmark level to be
retrieval provided in process

control plan.

Control waste level The WRS shall be operated to OSD-T-151-00013 Minimize liquid level
in tanks C-102, prevent waste level from to the extent practical.
C-104, C-107, exceeding 185 in.
C-108, and C-112

Control waste level The WRS shall be operated to OSD-T-151-00007 Provide for safe waste
in DST receiver tank maintain waste level within storage in DSTs.

specified allowable maximum and
minimum values.

Remove waste The retrieval technologies will be WAC 173-303 The retrieval
from tanks C-102, designed, deployed, and operated Decree technologies shall have
C-104, C-107, to each of their "limits of the potential to achieve
C-108, and C- 112 technology" in an effort to achieve a waste residue of 360

the waste residue goal of 360 ft3 of ft3 or less.
waste or less for each tank. The
limit of technology is defined in
the Decree.

Control and The WRS shall provide the RPP-13033 Provide for safe and
monitor the waste monitor and control capability to HNF-SD-WM- effective operation of
removal process in control the waste retrieval and TSR-006 the WRS.
tanks C-102, transfer process. This includes WAC 173-303
C-104, C-107, controlling and monitoring the WAC 246-247
C-108, and C- 112 following WRS process

parameters: TFC-ENG-STD-26

" Pressures

" Flow rates

" Differential pressures across
exhaust ventilation filters

" Leak detection systems.

Minimize waste The WRS shall minimize waste WAC 173-303 No numerical
generation generation to the greatest extent 40 CFR requirement.

practical. 264.73(b)(9)
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Table 3-4. Tanks C-102, C-104, C-107, C-108, and C-112 Waste
Retrieval System Functions and Requirements. (2 Sheets)

Function Requirement Basis* Key Elements

Nuclear safety The WRS shall be designed and WAC 246-247 Ensure protection of
operated to protect workers, the 10 CFR 830 workers and the public
public, the environment, and RPP-13033 from routine operations
equipment from exposure to HNF-SD-WM- and potential accident
radioactive tank waste and TSR-006 conditions.
emissions during the retrieval
campaign. HNF-IP-1266

Occupational safety The WRS shall be designed for WAC 173-303- OSHA standards.
and health safe installation, operation and 283(3)(i) Occupational Radiation

maintenance. 29 CFR 1910 Protection.

10 CFR 835

29 CFR 1926

WRS secondary For ex-tank equipment and piping, 40 CFR 265 Provide for safe and
containment and the WRS shall incorporate WAC 173-303 compliant transfer of
leak detection secondary containment and DOE 0 435.1 waste to the receiver

leak-detection design features. RPP-13033 DST.

HNF-SD-WM-
TSR-006

DST = double-shell tank.
Ecology = Washington State Department of Ecology.

OSHA = Occupational Safety and Health Administration.
WRS = waste retrieval system.
* Basis documents reference information is provided in Section 9.0 of this document.

3.7 ANTICIPATED IMPACTS OF TANK WASTE RETRIEVAL ON FUTURE
PIPELINE/ANCILLARY EQUIPMENT RETRIEVAL

The existing buried waste transfer lines routed to tanks C-102, C-104, C-107, C-108, and C-112
have been isolated to prevent the inadvertent transfer of waste or intrusion of water into the
tanks. Following waste retrieval activities for these tanks, the new transfer lines and auxiliary
equipment will be flushed as needed and the equipment reused or disposed of as discussed in
Section 3.9.

Any line flushes for the new transfer lines should direct the flush solution to the receiver DSTs.
However, because of the physical location of C tank farm at a lower elevation than the DSTs,
there will be some line drainback. The holdup for each transfer line is in the 150- to 200-gal.
range. This solution would go to the tank just retrieved, unless a valve change could be made to
direct the solution to another SST covered by this tank waste retrieval work plan which had not
yet completed retrieval.

Flushing of any valve or diversion boxes should not be necessary following retrieval since any
such flushing, which is expected to be transferred back to the SST being retrieved, would be
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expected to be performed before completion of retrieval. Should the situation arise where a
valve or diversion box needs to be flushed following retrieval, it is estimated that the flush
volume would be in the 100- to 200-gal. range. This solution would go to the tank just retrieved,
unless a valve change could be made to direct the solution to another SST covered by this tank
waste retrieval work plan which had not yet completed retrieval.

When retrieval activities are completed, the exhauster(s) used will be disconnected for use
elsewhere. This will require draining the exhauster seal pot back to the receiver tank for the
drain line. Such drainage will be in the 0- to 20-gal. range.

It is currently planned to leave all modified sluicing in-tank equipment (e.g., the transfer pump)
in the tank following retrieval. However, in the unlikely event it is necessary to remove such
equipment, it may have to be washed down upon removal to remove excess contamination or to
reduce exposure for personnel protection. The volume of water expected for such purposes
would likely be in the 50- to 200-gal. range.

It is undetermined at this time whether the MARS-S in-tank equipment will remain in the tank or
not following retrieval. Reuse of the C-107 MARS-S equipment will be determined following
completion of C-107 retrieval. If it is necessary to remove the MARS-S arm from C-107, it may
have to be washed down upon removal to remove excess contamination or to reduce exposure
for personnel protection. The volume of water expected for such purposes cannot be estimated
without operating experience.

Existing risers, pits, and/or caissons associated with the tanks will be isolated following the
retrieval activities. These isolation methods are designed to minimize water intrusion to the tank.

In accordance with RPP-13774, disposition of the ex-tank ancillary equipment, including
pipelines, will be performed in accordance with a separate component closure activity plan.
Flushing of old lines or pits would not be done unless required or permitted by the component
closure activity plan. Should such flushing be required or necessary, it would not take place until
closure activities were underway, so the impact of any line flush volumes would be accounted
for in the closure plan approved tank fill process. See Section 7.1.3.2 for assumptions regarding
characterization of residual waste in piping system components.

Following retrieval, it may be necessary to add small (0- to 50-gal.) volumes of water
periodically to flush the ENRAF plummet before tank closure. No other activities are envisioned
that will purposely add liquids back to a tank once waste retrieval is complete. Should it become
necessary to add liquid to a retrieved tank for any reason other than those stated above, Ecology
will be notified per existing notification channels.

3.8 INFORMATION FOR NEW ABOVEGROUND TANK SYSTEMS

Transfer system equipment provided for transferring CR Vault sump solutions to C-104 will
meet the requirements of WAC 173-303-640 (3). While there are no new aboveground waste
tanks or waste treatment systems, the ancillary and containment equipment are considered part of
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a tank system in accordance with WAC-173-303-040, "Definitions." The waste tank system
equipment is described in Section 3.1.1.

A written integrity assessment, reviewed and certified by an IQRPE, attesting that the transfer-
related equipment and associated transfer lines are suitable for use during waste retrieval
operations will be prepared in accordance with WAC 173-303-640(3), "Design and Installation
of New Tank Systems or Components," and submitted to Ecology following completion of the
design and field installation of the WRS. This includes verification that the subject equipment
meets the requirements set forth in WAC 173-303-640(3) and WAC 173-303-640(4),
"Containment and Detection of Releases." If additional systems or additional transfer line
systems are used, each system will be evaluated by an IQRPE. The design provided to the
IQRPE for review will include all new or existing transfer systems, structures or components,
including secondary containment (e.g., central caisson if used) and leak detection equipment
used for waste transfer lines.

The requirements for an IQRPE assessment and the permitting decision logic for new equipment
or repairs/upgrades to equipment will be performed in compliance with TFC-ESHQ-ENVPP-C-
11, Independent Qua/fied Registered Professional Engineer Assessment Process.

Risers were reviewed as part of the original SST System Integrity Assessment (RPP-
10435). SST system components (e.g., risers, pits, etc.) that were identified as part of the SST
system for the original Integrity Assessment are not part of the retrieval system (unless
specifically identified as such) and do not require a separate or additional integrity assessment if
the function of the equipment doesn't change from its original purpose (e.g., the original purpose
of risers is to provide tank access) and changes to the component are not outside the original
component design basis and specifications.
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3.9 DISPOSITION OF WASTE RETRIEVAL SYSTEM FOLLOWING WASTE
RETRIEVAL

3.9.1 Disposition of New Waste Retrieval System Components

Following completion of waste retrieval, the modified sluicing in-tank equipment will be left in
place for disposition during component closure actions. The abovegrade modified sluicing
equipment (e.g., transfer lines, portable valve and diversion boxes) will be reused to the extent
possible for future waste retrieval activities in the C tank farm. Disposition of the C-107 MARS-
S in-tank and abovegrade equipment will be determined following retrieval. Transfer lines and
the portable valve and diversion boxes will be flushed to reach acceptable exposure rates for
disconnecting and relocating the equipment. Any abovegrade modified sluicing or MARS-S
equipment that needs to be removed and is not suitable for reuse will be packaged and disposed
of onsite in accordance with the approved waste acceptance criteria for the Hanford Site burial
grounds and TFC-OPS-WM-C-10, Contaminated Equipment Management Practices. The
HIHTLs will be managed in accordance with RPP-12711, Temporary Waste Transfer Line
Management Program Plan.

3.9.2 Disposition of Existing Ancillary Equipment

Ancillary equipment associated with tanks C-102, C-104, C-107, C-108, and C- 112 is limited to
waste transfer lines and equipment installed in pits and abovegrade risers. The current status of
the ancillary equipment associated with tanks C-102, C-104, C-107, C-108, and C- 112 is
described in Section 2.6. Any contaminated equipment located within risers that needs to be
removed following waste retrieval will be packaged and disposed of onsite in accordance with
the approved waste acceptance criteria for the Hanford Site burial grounds and
TFC-OPS-WM-C-10.

In accordance with the SST system closure plan (RPP-13774), disposition of the ex-tank
ancillary equipment, including pipelines, will be performed in accordance with a separate
component closure activity plan. Closure plans will be incorporated into the SST permit.

3.10 AIR MONITORING PLAN

ORP and the TOC, pursuant to federal requirements for protection of their workers, will develop
and implement IH monitoring plans for exhauster stack emissions for the retrieval of tanks C-
102, C-104, C-107, C-108, and C-112. The plans will be developed and implemented pursuant
to the requirements of TFC-PLN-34, Industrial Hygiene Exposure Assessment Strategy. The
constituents of potential concern (COPCs) for which exhauster stack sampling and analysis will
be conducted will be identified in the IH monitoring plans for each tank retrieval. The COPCs
identified in the IH monitoring plans will be all or a subset, as determined to be appropriate by
the TOC IH, of those constituents listed in RPP-20949, Data Quality Objectives For The
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Evaluation Of Tank Chemical Emissions For Industrial Hygiene Technical Basis, Table 4-1,
developed with input from Ecology and RPP-22491, Industrial Hygiene Vapor Technical Basis.
No COPC shall be dropped from the Tank Vapor Information Sheet (TVIS) list developed for C-
Farm without 90 days prior notification to and approval from Ecology. If ORP notifies Ecology
of its desire to cease exhauster stack sampling for a COPC initially identified and listed in an IH
monitoring plan and no response is received from Ecology within 90 days, the COPC will be
deleted from the IH monitoring plan and sample and analysis activities for that COPC will cease.
New COPCs may be added to an IH monitoring plan without notification to or approval from
Ecology and without modifying or revising this tank waste retrieval work plan.

The sampling and analysis methods shall be EPA, National Institute for Occupational Safety and
Health-approved, or Occupational Safety and Health Administration (OSHA)-approved methods
or an equivalent TOC-approved method, as identified in RPP-20949. The exhauster stack
samples will be analyzed at the 222-S Laboratory, the Waste Sampling and Characterization
Facility, or an equivalent laboratory consistent with the quality assurance/quality control
procedures for that laboratory. Further, laboratory analysis data will be kept on file at the
laboratory consistent with the laboratory record keeping procedures for that laboratory for a
period of not less than 5 years and will be available to Ecology, within 24 hours, upon request.

Ecology and ORP understand and agree that the activities discussed above do not restrict ORP
and the TOC from taking any and/or all steps necessary as ORP and the TOC deem appropriate
to protect its workforce in response to data and information generated by an IH monitoring plan
or incidents as they might arise during waste retrieval. Ecology and ORP also understand and
agree that the preceding sampling and analysis discussion is presented to ensure ORP is
achieving the agreed to sampling and analysis for the protection of the public and its workers and
does not modify the exemption from the requirements of 40 CFR 264, "Standards for Owners
and Operators of Hazardous Waste Treatment, Storage and Disposal Facilities," and 40 CFR
265, "Interim Status Standards for Owners and Operators of Hazardous Waste Treatment,
Storage and Disposal Facilities," Subpart CC, granted to ORP under 40 CFR 265.1080(b)(6).
Therefore, this discussion does not imply any change to the respective authority of either
Ecology or ORP regarding the sampling, analysis, monitoring, and control of airborne emissions
from Hanford Site tanks.
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4.0 DESCRIPTION OF PLANNED LEAK DETECTION AND MONITORING
TECHNOLOGIES

NOTE: Section 4 on leak detection is revised in RPP-22393 Rev 4 to make it consistent with
the Section 4 wording in RPP-33116, 241-C-110 Tank Waste Retrieval Work Plan, Rev 2, which
was approved by Ecology on July 3, 2008. The italicized wording at the start of most
subsections is provided for consistency with the subsection contents in RPP-33116; however, the
Decree establishes the requirements for TWRWP content. Retrieval of C-108 was begun and the
majority of the waste in the tank removed under RPP-22393 Revs 3A through 3D. RPP-22393
Rev 4 (and any additional revisions to this work plan) is applicable to the remaining C-108 waste
retrieval operations, and to retrieval operations for C-102, C-104, C-107 and C- 112.

4.1 EXISTING TANK LEAK MONITORING

This section describes tank leak monitoring activities that have been historically performed or
are currently being performed.

Prior to beginning retrieval operations, single-shell tanks are in waste storage mode. The
requirements for leak detection while in waste storage mode are provided in OSD-T-151-00031,
Operating Specifications for Tank Farm Leak Detection and Single-Shell Tank Intrusion
Detection. After retrieval operations commenced for C-108 the tank entered retrieval mode as
described in 4.2. When retrieval operations are ready to commence for C-102, C-104, C-107 or
C-1 12 the tank enters retrieval mode as described in 4.2.

4.1.1 Drywell Monitoring

Identify the number and location of drywells near the subject tank. Identify ongoing
routine drywell monitoring activities. (configuration, depth, frequency of and
methodology for sampling)

There are five drywells near tank C-102 even though the five drywells are associated with other
tanks surrounding tank C-102 (Figure 4-1). The five drywells are 30-03-07, 30-00-03, 30-01-01,
30-05-05, and 30-05-04, with the closest drywell located about 12 ft from tank C-102. Three of
the drywells are 100 ft deep and two are 120 ft deep (GJ-HAN-86).

There are eight drywells spaced around tank C-104 that are between 2 and 10 ft from the edge of
the tank (Figure 4-1). The eight drywells include 30-04-01, 30-04-02, 30-04-03, 30-05-06,
30-04-04, 30-04-05, 30-04-08, and 30-04-12 (GJ-HAN-87, Vadose Zone Characterization
Project at the Hanford Tank Farms Tank Summary Data Reportfor Tank C-104). Three of the
drywells are 50 to 60 ft deep, two drywells are 100 ft deep, and three are 135 to 145 ft deep
(GJ-HAN-87).

There are seven drywells spaced around tank C-107 that are between 3 and 12 ft from the edge of
the tank (Figure 4-1). The seven drywells include 30-07-01, 30-07-02, 30-07-05, 30-07-07,
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30-07-08, 30-07-10, and 30-07-11. All seven drywells were drilled to a depth of 100 ft
(GJ-HAN-88, Vadose Zone Characterization Project at the Hanford Tank Farms Tank Summary
Data Reportfor Tank C-107).

There are seven drywells spaced around tank C-108 that are between 5 and 13 ft from the edge of
the tank. The seven drywells include 30-08-02, 30-08-03, 30-05-10, 30-07-02, 30-07-01,
30-11-05, and 30-08-12. Five of the drywells are 100 ft deep. One drywell is 50 ft deep
(30-08-03), although it was drilled to 150 ft, and one drywell (30-05-10) is 135 ft deep
(GJ-HAN-90, Vadose Zone Characterization Project at the Hanford Tank Farms Tank Summary
Data Reportfor Tank C-108).

There are seven drywells spaced around tank C-1 12 that are between 5 and 17 ft from the edge of
the tank. The seven drywells include 30-12-13, 30-12-01, 30-12-03, 30-09-11, 30-09-10,
30-11-01, and 30-12-09. Six of the drywells are 100 ft deep and one (30-12-13) is 120 ft deep
(GJ-HAN-94, Vadose Zone Characterization Project at the Hanford Tank Farms Tank Summary
Data Reportfor Tank C-112).

For tanks in waste storage mode there is no routine drywell logging performed.
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Figure 4-1. Plan View of the C Tank Farm Showing Drywells.
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4.1.2 Groundwater Monitoring

Identify the number and location of groundwater monitoring wells associated with the
Waste Management Areas (WMA). Summarize current groundwater monitoring
activities.

Groundwater monitoring at WMA C was begun in 1990 using four RCRA groundwater
monitoring wells constructed in 1989 (299-E27-12, 299-27-13, 299-E27-14, and 299-E27-15).
Additional monitoring wells have been added since 1989. A current list of the WMA C
groundwater wells can be found in DOE/RL-2009-77. The wells are sampled quarterly to meet
prior agreements made with Ecology. Quarterly samples are analyzed at a minimum for anions,
cyanide, inductively coupled plasma metals, gross beta, 99Tc, and total uranium, and a low-level
gamma scan is performed. Sampling is conducted in accordance with DOE/RL-2009-77 and
DOE/RL-2001-49.

The quarterly groundwater monitoring that is currently performed is adequate for the purpose of
supplementary data collection during waste retrieval. Ecology is provided quarterly groundwater
monitoring sample results in the quarterly and annual groundwater monitoring reports. These
reports were previously issued by Pacific Northwest National Laboratory (e.g., results from the
groundwater monitoring at the C tank farm for the third quarter of 2006 are reported in PNNL-
16349, Quarterly RCRA Groundwater Monitoring Data for Period July through September
2006), in 2007 they started being issued by Fluor Hanford.

If a leak is detected during retrieval, groundwater monitoring frequency will be reevaluated in
accordance with the regulatory requirements in WAC 173-303, "Dangerous Waste Regulations."

4.1.2.1 Use of Groundwater Monitoring for Retrieval Process Control.

(1) Evaluate the use of appropriately located existing groundwater monitoring wells for
retrieval process control.

Based on the limitations of flow transport calculations and the time required for a retrieval leak
to show up in groundwater samples, groundwater monitoring data will not be used for retrieval
process control, but is available, for background reference information only, through the site
groundwater monitoring program.

4.1.2.2 Groundwater Sampling Prior to and Following Retrieval.

(2) Ensure that appropriately located existing groundwater monitoring wells will be
sampled within a two month period prior to and following the retrieval (quarterly
sampling satisfies this requirement).

Quarterly groundwater sampling is performed for the C-farm groundwater monitoring wells. In
accordance with 04-TPD-083, "Agreement on Content of Tank Waste Retrieval Work Plans" (04-
TPD-083 - letter), it was agreed to in writing by ORP, Ecology, and the tank farm contractor that
quarterly groundwater sampling satisfies the TWRWP outline requirement C. 1.b.(2) (this
wording is in italics at the start of Section 4.1.2.2) to take groundwater samples within a 2-month
period prior to and following retrieval.
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Figure 4-2. Waste Management Area C and Regulated Structures.*A
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4.1.3 Existing Tank Level Monitoring Equipment and Activities

Identify existing level measurement instrumentation in the subject tank and receiver tank.
Identify ongoing tank level monitoring activities.

Tanks C-102, C-104, C-107, C-108 and C- 112 currently have operable Enraf level gauges
installed. The DST receiver tanks also have the same type of level gauge installed. Each DST
receiver tank annulus has leak detection devices installed such as conductivity gauges, Enraf
level gauges or similar instruments for detection of leaks from the primary tank liner.

The waste levels in tanks C-102, C-104, C-107, and C- 112 while in storage mode (and C-108
when it was in storage mode) are monitored for intrusion on a quarterly basis using an ENRAF
level gauge (OSD-T- 151-00031, Operating Specifications for Tank Farm Leak Detection and
Single-Shell Tank Intrusion Detection). The basis for in-tank leak detection and intrusion
monitoring is provided in RPP-9937, Single-Shell Tank System Leak Detection and Monitoring
Functions and Requirements Document.

The primary level monitoring in the receiver DST is performed as described in
OSD-T-151-00031. The annulus leak detector instruments provide indication of tank leaks as
described in OSD-T-151-00031.

Level monitoring for the tank receiving the exhauster condensate, if not the SST being retrieved,
will be performed as specified in the applicable Ecology approved TWRWP for that tank.

4.2 PROPOSED LEAK DETECTION MONITORING SYSTEM DESCRIPTION

This section provides a description of the leak detection and monitoring (LDM) system that will
be deployed at tank s C-102, C-104, C-107, C-1 12, and the remaining C-108 waste retrieval
operations, along with a description of how the system will be operated.

The definition of when a tank is changed from storage mode to retrieval mode is provided in
OSD-T-151-00031. A tank is considered to be officially in retrieval status if one of two
conditions is met: either waste has been physically removed from the tank by retrieval operations
or, preparations for retrieval operations are directly responsible for rendering a primary leak
detection or intrusion monitoring device out of service.

When all waste removal operations have been completed, a final waste volume measurement
obtained, and all post-retrieval monitoring required by this document completed, the tank
retrieval status is maintained but retrieval leak detection is complete and the tank is monitored
for intrusion as specified in Section 6.0.
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4.2.1 Description of Proposed LDM System Configuration Used During Waste Retrieval

(Physical and Operating)

a. Describe the proposed LDM system configuration to be used during waste retrieval.

The leak detection and monitoring (LDM) method for C-102, C-104, C-107, C-108 and C-112
during retrieval uses deployment of a high-resolution resistivity (HRR) LDM system with
drywells and the tank thermocouple as electrodes. The HRR system will be fully implemented
administratively as well as physically implemented in the field when used.

Established drywell logging methods were used to survey the drywells surrounding C-108 prior
to the start of retrieval, and will be used to survey the drywells surrounding C-102, C-104, C-107
and C-1 12 before the start of retrieval in these tanks. Drywell monitoring will be used as a
backup means of leak detection if the HRR system becomes inoperable. The use of drywell
logging as a backup is specified in 4.2.1.1.

Under limited conditions, as specified in 4.2.1.2, SST liquid level measurement may also be used
for leak detection and monitoring.

Figure 4-3 is a logic chart showing what leak detection method(s) are used, and when with one
exception for C-102. In lieu of weekly moisture logging that is required because the C-102
interstitial liquid volume exceeds the interim stabilization criteria (HNF-EP-0 182), HRR may be
used for 30 days once a quarter prior to the start of retrieval. Any other changes to leak detection
will be approved on a tank-by-tank basis. Details of the methods shown in Figure 4-3 are
provided in 4.2.1.1 through 4.2.1.3.

LDM systems consisting of standard leak detection arrangements are used for transfer lines and
pits.

The LDM system used for the receiver DST is the same one described in Section 4.1.3.

Any resulting changes to LDM activities described in this TWRWP will be approved by Ecology
within 24 hours through the Change Notice form.
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Figure 4-3. Leak Detection Methodology for SST Retrieval.
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4.2.1.1. Drywell Monitoring. Drywell logging refers to use of moisture gauges and/or gross
gamma detectors to monitor soil conditions surrounding the tank for increases in moisture
content and/or gamma activity that may be evidence of tank leakage. Drywell logging will be
performed as follows:

* Gamma scans will be obtained for each listed drywell prior to initiation of retrieval
operations in the tank (already obtained for C-108)

* Moisture scans will be obtained for each listed drywell prior to initiation of retrieval
operations in the tank (already obtained for C-108)

* After retrieval operations have been initiated for C-102, C-104, C-107 and C- 112, and
during the remaining C-108 retrieval operations, drywell logging will only be performed
if needed as a backup leak detection method.

* Gamma scans will be obtained for each listed drywell following completion of active
retrieval operations in the tank

None of the pre-retrieval C-108 gamma scans showed an unexpected presence of radioactivity in
the soil adjacent to the drywell. Should a pre-retrieval gamma scan for C-102, C-104, C-107 or
C-1 12 show an unexpected presence of radioactivity in the soil adjacent to any of the listed
drywells, and the unexpected reading is confirmed, the tank leak assessment process in
procedure TFC-ENG-CHEM-D-42, Tank Leak Assessment Process, would be implemented.
Retrieval activities as described in this work plan would not commence until the unexpected
reading has been evaluated and shown to not alter the leak status stated in 2.1.3 for the tank
whose waste was to be retrieved.

From the start of C-108 waste retrieval activities in December 2006 through the approval date of
Revision 4 of this work plan the C-108 drywells listed below were moisture logged on a weekly
basis. Current plans for C-102, C-104, C-107 and C-1 12 include monitoring of the drywells
listed below prior to retrieval operations:

* Tank C-102 - 30-03-07, 30-00-03, 30-01-01, 30-05-05, and 30-05-04

* Tank C-104 - 30-04-01, 30-04-02, 30-04-03, 30-05-06, 30-04-04, 30-04-05, 30-04-08,
and 30-04-12

* Tank C-107 - 30-07-01, 30-07-02, 30-07-05, 30-07-07, 30-07-08, 30-07-10, and
30-07-11

* Tank C-108 - 30-08-02, 30-08-03, 30-05-10, 30-07-02, 30-07-01, 30-11-05, and
30-08-12

* Tank C-112 - 30-12-13, 30-12-01, 30-12-03, 30-09-10, 30-09-11, 30-11-01, and
30-12-09.
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There is a potential that access to some drywells may be precluded by the placement of
equipment or shielding, restricted due to ALARA (as low as reasonably achievable) concerns, or
alterations to the tank farm surface as a part of ongoing waste retrieval activities.

The pre-retrieval and post-retrieval gamma scans will be obtained from near the ground surface
to near the bottom of each drywell.

The pre-retrieval moisture scans were obtained from near the ground surface to near the bottom
of each drywell for C-108. Pre-retrieval moisture logging for C-108 was performed to provide a
baseline for comparison for moisture logging performed during waste retrieval. The pre-retrieval
moisture scans will be obtained from near the ground surface to near the bottom of each drywell
for C-102, C-104, C-107 and C- 112. Pre-retrieval moisture logging will be performed to provide
a baseline for comparison should moisture logging be performed for backup leak detection
during waste retrieval.

Should moisture logging be necessary during waste retrieval activities, significant increases in
soil moisture levels would be followed up by performing a gamma scan to determine if the
moisture increase was due to a waste leak. If there is an unexplained increase in soil moisture
content observed during moisture logging and access is not practical for any gamma monitoring
system, Ecology will be informed and an alternate means of investigation proposed.

Since post-retrieval gamma scans are to be performed following retrieval, there is no need to
perform a post-retrieval moisture scan.

Drywell logging, when performed as a backup leak detection method, will monitor specific
region(s) of interest for increases in soil moisture (or gamma) content. These may include the
interval from above the existing waste surface to below the base of the tank. The depth interval
to log when drywell logging is performed as a backup leak detection method will be specified in
the process control plan.

Due to operational constraints, required drywell logging may be missed occasionally if it is used
as backup to HRR. Ecology will be informed of missed required drywell monitoring.

Pre- and post-retrieval drywell gamma logging and any gamma logging done during retrieval
operations may be performed with the radionuclide assessment system (RAS truck), the
radionuclide monitoring system (RMS), or the spectral gamma system (SGLS). Moisture
logging will be performed with hand-held moisture probes or any of the vehicle mounted
systems setup for moisture logging. The following background information describes the
drywell logging tools, what they measure, and general measurement capabilities.

The handheld moisture gauge is a commercially available system (model 503DR
HYDROPROBE 0)2 designed for manual measurement of in situ moisture content. This unit
employs an 24'Am/Be neutron source and a neutron detector to measure the neutron flux rate at a
given depth in the drywell. A formula is then used to relate the neutron flux rate to volume

2 503DR HYDROPROBE is a registered trademark of CPN International, Inc., Concord, California.
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percent moisture in the soil. Use of the handheld moisture gauge does not require truck access
into the tank farm and is more practical for frequent use.

The RAS truck was specifically designed for routine gamma monitoring against the baseline
established from the spectral gamma logging system data. The RAS uses a series of three
interchangeable NaI(Tl)-based scintillation detectors for measurement over the range from
background levels to about 105 pCi/g 137Cs. The RAS records counts in specific energy ranges
as well as total gamma activity. Although it does not have the energy resolution capability of the
spectral gamma logging system, it is mounted on a smaller truck and collects data at a faster rate.

The RMS is a modular, portable logging unit capable of concurrent measurement of gross
gamma activity and neutron moisture content. The RMS will have calibrated neutron moisture
and gross (total) gamma detectors on a combined probe. It will provide dual data logs over
preselected depth intervals in the drywells. The overall size and portability of the RMS will
minimize interference with surface equipment, and the capability of collecting both moisture and
gamma data in a single log run can result in a significant reduction in the cost of monitoring
activities when compared to obtaining separate neutron and gamma logs. The RMS also
provides for electronic data recording. When implemented, the RMS may be substituted for the
handheld moisture gauge and may also be used in place of truck-mounted logging systems.
Drywells with very high gamma activity (none of the seven around tank C- 10 are in this
category) may still require the use of the high rate logging system that is part of the SGLS, but it
is possible that a high rate detector can be developed for the RMS. Development of the RMS is
complete but as of mid 2008 it is not yet available for deployment. It is anticipated that the RMS
will have a measurement range from background up to 100,000 pCi/g 137Cs and 0 to 25 vol%
moisture content.

The SGLS logging system was used to establish baseline conditions in 1995-2000. This logging
system is based on a liquid nitrogen cooled high purity germanium detector, which provides
excellent gamma energy resolution for identification and quantification of individual
radionuclides from background levels (method detection limit about 0.1 pCi/g 137Cs under
typical conditions) up to about 10,000 pCi/g 137Cs. A high rate detector with internal and
external shields is available to extend the measurement range to about 109 pCi/g 13 7Cs.

The SGLS truck can also be used to operate a neutron moisture logging system, which measures
in situ vadose zone moisture over the range of 0 to about 25 vol% moisture content. The neutron
moisture logging system uses a similar source-detector relationship as the handheld moisture
gauge.

It takes about one shift of operation to obtain moisture logging data from all the drywells around
a tank with the hand-held moisture probe. It takes about one shift of operation to obtain RAS
data from one drywell.

The handheld moisture gauge will be deployed by qualified personnel in accordance with
TO-320-022, Operate Model 503DR Ml HP-2 or Ml HP-3 Hydroprobe Neutron Moisture
Gauge or TO-320-060, Operate Model 503DR Ml HP-4 Hydroprobe Neutron Moisture Gauge.
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The logging systems will be deployed by qualified personnel in accordance with the applicable
procedures for that equipment.
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The results from drywell monitoring, as well as a summary and analysis of this monitoring, including
tools used, calibration, boreholes logged, depth of logging, frequency, logging rate, and data analysis will
be submitted to Ecology within the retrieval data report in accordance with Appendix I of the HFFACO.

4.2.1.2. Leak Detection Using SST Liquid Level Measurement. SST level measurement data are
normally limited during periods when active retrieval operations are not being performed due to the
strategy of minimizing liquid in the tank. In addition, because of the dished bottoms of the tanks and the
location of the level instrumentation near the side in the C-100 series SSTs, waste levels cannot be
measured below approximately 12,000 gal. However, should conditions exist where a continuous liquid
surface measurement is available (e.g., a pump fail prior to removing as much liquid as practical from the
tank and replacement of the pump cannot occur immediately) this measurement could provide an
additional means of leak detection superior to either drywell monitoring or HRR. SST Liquid level
measurement can be used for leak detection during waste retrieval under the following conditions:

1. The tank level gauge must be an Enraf level gauge of the type normally used in tank farms

2. There must be a liquid surface under the Enraf plummet, with no part of the plummet touching any waste
solids or the tank bottom

3. There are no active retrieval operations being performed

4. The tank is not being actively exhausted except as required to meet air permit requirements*

5. The measured waste level is not increasing, such as can occur if liquid is slowly draining from waste solids
above the liquid surface

6. During periods when the Enraf is used for leak detection the Enraf level will be recorded at least once every
calendar day.

* If the exhaust is applied to the tank for > 7 days and causes a significant level decrease rate, moisture logging
will be evaluated as an alternative leak detection method.

Material balance will not be credited for SST leak detection during waste retrieval activities.

4.2.1.3. High-Resolution Resistivity. HRR will be used for leak detection during the retrieval of the
remaining waste in C-108, and the retrieval of waste in C-102, C-104, C-107 and C-1 12. The equipment
operates continuously except when down for repairs, calibrations, electrical outages, or similar reasons.
Should a problem occur which renders the HRR leak detection system inoperable, drywell monitoring
would be used as a backup means of leak detection, within the conditions specified in Figure 4-3 and
4.2.1.1.

The HRR method uses geophysical resistivity measurements as a means to detect changes in baseline soil
moisture levels. The electrical resistivity of the soil around and beneath a waste tank depends on a
number of parameters, one of which is moisture content. The leakage of water or tank waste into these
sediments changes the soil resistivity. The HRR method detects a potential leak by comparing a present
resistivity measurement against a previously obtained baseline measurement. Comparison to a baseline
allows the HRR method to discount existing resistivity differences in the soil caused by factors that
include conductive structures or prior leaks. Changes in soil moisture from precipitation need to be
taken into consideration during monitoring to reduce the potential for making an incorrect leak
determination.
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HRR data processing, data review, leak evaluation methodology and definitions of anomalies
and unexplained anomalies are described in RPP-32477, High Resolution Resistivity Leak
Detection Data Processing and Evaluation Methods and Requirements. The HRR leak detection
requirements in RPP-32477 and in this TWRWP will be implemented in approved procedures by
trained and designated personnel prior to the start of waste retrieval operations.

The basic resistivity measurement concept utilizes the existing drywells and/or a tank electrode
(normally the tank thermocouple) as measurement electrodes. There are reference transmitter
and receiver electrodes located a nominal 1,500 ft or more from the tank farm. Power is applied
to a drywell-reference transmitter electrode pair and an amperage measurement obtained.
Concurrently, a voltage measurement is obtained at another electrode-reference receiver
electrode pair. Soil resistivity is calculated by dividing the voltage measured across the receiver
electrode pair by the current measured across the transmitter pair. These measurements are
repeated continuously and the subsequent resistivity data analyzed for changes with time.

The HRR data may be reviewed any time. When the system is operating the raw data is
normally less than an hour old.

Ecology will be informed via e-mail or phone if an unexplained HRR anomaly exists. The
response to an unexplained HRR anomaly is described in 4.6. It is anticipated that three months
or more may be needed to analyze all the available data and obtain any needed supporting
information to enable resolution of the unexplained HRR anomaly. If, after three months, the
unexplained HRR anomaly has not been resolved, Ecology will be consulted as to possible
changes in groundwater and analyte monitoring frequency.

A limitation to the HRR system is that it provides data primarily as a two-dimensional diagram
from the viewpoint of looking down on the tank. Thus a leak may be detected by HRR, and the
general location of the leak around the tank noted, but the actual depth may or may not be able to
be discerned from the data.

4.2.1.4. Leak Detection in Transfer Lines and Pits During Waste Retrieval. Supernate will
be transferred from the receiver DST and liquid waste and slurry will be transferred from the
SST back to the receiver DST using temporary hose-in-hose overground transfer lines and pits.
Leak detectors located in pits will be monitored during waste transfers. Leaks may also be
detected by monitoring flows and by radiation monitoring of the HIHTL in accordance with the
requirements of RPP-13033 and RPP-1271 1, Temporary Waste Transfer Line Management
Program Plan. Pits associated with the receiver tank will also be monitored.

Leakage from the primary overground transfer hose (inner hose) will be contained by the
secondary confinement system (outer hose). The secondary confinement system is designed to
drain any fluid released from the primary hose to a common point for collection, detection, and
removal. Leak detection elements are installed in pits at the ends of the transfer lines. If a leak
occurs the liquid will contact the detector, which will actuate an alarm and the transfer pumps
shut down either automatically or manually.
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4.2.1.5 Leak Detection in DST Receiver Tank During Waste Retrieval. The existing leak
detection systems in the receiver DST will be utilized as required in OSD-T-151-00031. A leak
from the primary vessel of the receiver DST will be detected by leak detection instruments
installed in the annulus.

4.2.2 Use of Drywells and Groundwater Wells During and After Waste Retrieval

b. Describe the proposed use of existing drywells and groundwater monitoring wells
during and after waste retrieval operations.

During remaining waste retrieval operations on C-108, and during waste retrieval on C-102, C-
104, C-107 and C-1 12 existing drywells will be monitored if needed as a backup means of leak
detection as described in Section 4.2.1.1.

The post-retrieval gamma scans may be done by any of the gamma logging methods discussed in
Section 4.2.1.1 within 6 months following the completion of waste retrieval on the tank.

Groundwater monitoring wells will be sampled and the samples analyzed both during and after
waste retrieval operations as described in Section 4.1.2

4.3 RATIONALE FOR SELECTION OF LEAK DETECTION MONITORING
TECHNOLOGY

Rationale for selection of LDM technology.

The LDM technology selected for deployment represents the best available technology. The
HRR system, as described in Section 4.2.1.3 is believed to provide improved leak detection
monitoring over that provided by drywell monitoring.

Pre-retrieval drywell gamma scans are performed to provide an updated baseline for that drywell
prior to initiation of waste retrieval activities.

Pre-retrieval drywell moisture logging for C-108 was performed to provide a baseline for that
drywell prior to initiation of waste retrieval activities for moisture logging leak detection during
waste retrieval activities. Pre-retrieval drywell moisture logging is performed for C-102, C-104,
C-107 and C-1 12 to provide a baseline for that drywell prior to initiation of waste retrieval
activities in case moisture logging is required as a backup means of leak detection during waste
retrieval activities.

A pre-retrieval HRR baseline is performed since HRR leak detection is based upon observation
of resistivity change from an established baseline.

Post-retrieval gamma scans will be obtained for conservatism, to verify there has been no
significant change from the pre-retrieval gamma scans.

Use of SST liquid level data for leak detection, when such data are available and obtained under
the conditions listed, would provide a leak detection capability exceeding that provided by
drywell logging or HRR.
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4.4 LEAK DETECTION FUNCTIONS AND REQUIREMENTS

Functions and attendant requirements necessary to support design ofproposed LDM
system(s). Functions and requirements to be provided at a level-of-detail consistent with
a Level 1 specification (see RPP-7825 [S-112 F&R], Section 4 and/or RPP-18811
[C-103/105 F&R]).

This section defines the upper-level functions and corresponding requirements to which the leak
detection systems must be designed and operated. The system specification for the C tank farm
100 series tanks will be consistent with this TWRWP. The functions and requirements for LDM
are given in Table 4-1.
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Table 4-1. Tank C-102, C-104, C-107, C-108 and C-112 Leak Detection and
Monitoring

Functions and Requirements.

Function Requirement Basis Key Elements

Detect leaks during The LDM system shall be capable of WAC 173-303 Utilize LDM
waste removal detecting liquid waste releases technologies to detect
from SST during all waste removal operations. loss of liquid from a

tank; see Section 4.2.1.

Monitor leaks from The WRS shall be capable of WAC 173-303 Utilize both ex-tank
SST during waste providing data to support LDM technologies and
removal quantifying leak volumes from the process data that will

tanks in the event a release is allow estimate of leak
detected during waste retrieval volume and migration
operations. rate to be developed to

the extent practical in
the event of a leak.

Mitigate leaks The integrated retrieval and LDM WAC 173-303 Leak mitigation
during SST waste system shall be designed and strategy described in
retrieval operated to mitigate leaks as the Section 4.6.

primary means of minimizing
environmental impacts from leaks
during waste retrieval if they occur.

WRS secondary For ex-tank equipment and piping, 40 CFR 265 Provide for safe and
containment and the WRS shall incorporate secondary WAC 173-303 compliant transfer of
leak detection containment and leak-detection DOE 0 435.1 waste to the receiver

design features in accordance with RPP-13033 DST.
40 CFR 265.193 and DOE 0 435.1.

HNF-SD-WM-
TSR-006

DST = double-shell tank.
LDM = leak detection and monitoring.
WRS = waste retrieval system.

40 CFR 265, "Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage,
and Disposal Facilities."

DOE 0 435.1, 2001, Radioactive Waste Management.

HNF-SD-WM-TSR-006, 2005, Tank Farms Technical Safety Requirements.

RPP-13033, 2005, Tank Farms Documented Safety Analysis.

WAC 173-303, "Dangerous Waste Regulations."

4.5 ANTICIPATED TECHNOLOGY PERFORMANCE

Anticipated technology performance capability (discuss deployment, data collected,
timeliness of data analysis for process control).

4.5.1 Drywell Monitoring

There is no single value that can be stated as the maximum leak that could go undetected by
drywell monitoring for C-102, C-104, C-107, C-108 and C- 112.
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There are a wide range of variables that influence the effectiveness of drywell monitoring. A
Monte Carlo-type analysis of drywell monitoring performance for SST leak detection was
prepared that considered the impact of all significant variables (RPP-10413, Tank S-112 Saltcake
Waste Retrieval Demonstration Project Leak Detection, Monitoring, and Mitigation Strategy,
Appendix B). This document provided the results of an in-depth computer analysis that
evaluated the variables affecting drywell monitoring performance, varied them over selected
ranges and calculated the leak volume which might occur by the time of leak detection. Over
100,000 combinations were analyzed. The following wording on drywell monitoring
performance in italics is extracted from RPP-10413.

From Section 5.3 of RPP-10413:

.... For slow leak rates ranging from 0.03 gal/hr to 1.44 gal/hr, the travel time and
associated leak volumes for a leak originating near a drywell are small. The theoretical
leak volume and associated time required to reach a drywellfrom the center of the tank
floor to a drywell (modeled as a 45-foot distance) are larger. Detection of a slow leak
from the center of the tankfloor with a drywell is unrealistic as the time required for
sufficient liquid to leakfrom the tank and migrate to the drywell is significantly longer
than the planned waste retrieval duration. Summary statistics for travel time and total
volume leaked under slow leak conditions are shown in Table 5.2 [this is Table 5.2 in
RPP-10413, not a table in this work plan]. The mean values for travel times are 12 days
for the 10-foot distance and 2.0 years for the 45-foot distance. The corresponding mean
values for volume leaked are 100 gallons and 6,200 gallons. The 5 th and 9 5 'h percentile
values are also listed in Table 5.2. Approximately 90% of the results fall between these
two extremes.

Table 5.2. Summary Statistical Results for Ex- Tank leak Detection
Response Time (for leaks less than 1.5 gal/hr)

Parameter 10-foot Distance 45-foot Distance
(f = 0.75) (f = 0.50)

Mean travel time 12 d 710 d (2.0y)

Median travel time 4.8 d 290 d (0.80 y)

5th percentile time 1.0 d 59 d

9 5 th percentile time 43 d 2,600 d (7.1 y)

Mean volume leaked 100 gal 6,200 gal

Median volume leaked 73 gal 4,400 gal

5th percentile volume 20 gal 1,200 gal

9 5 th percentile volume 300 gal 18,000 gal

Notes: The mean value is the sum of the times or volumes divided by the number of
trials. The median value is the time or volume is [sic] the 5 0 th percentile in the
cumulative distribution (i.e., haIf the results lie below the median value). The 5 and
9 5 th percentiles show the range of times or volumes that encompass 90% of the
calculated results.
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Additional uncertainty analyses were performed to evaluate a larger range in potential
leak rates. Historical leak rates were reviewed and a range in-tank leak rates from 0.03
to 102 gal/hr. To account for the higher probability of a slow leak compared to a fast
leak a lognormal distribution was assigned to the leak rate parameter (referred to as the
lognormal leak rate model). For this leak range the 95th percentile volume at both the
10-foot and 45-ft distance increased over those shown in Table 5.2. The summary
statistics for the larger leak rate range are provided in Table 5.3 [this is Table 5.3 in
RPP-10413, not a table in this work plan].........

Table 5.3. Summary Statistical Results for Ex- Tank leak Detection
Response Time (for large leaks)

Parameter 10-foot Distance 45-foot Distance
(f = 0.75) (f = 0.50)

Mean travel time 20 d 1,200 d (3.3 y)

Median travel time 2.2 d 130 d

5th percentile time 0.07 d 4.1 d

9 5 th percentile time 72 d 4,400 d (12 y)

Mean volume leaked 100 gal 6,200 gal

Median volume leaked 73 gal 4,400 gal

5th percentile volume 20 gal 1,200 gal

9 5 th percentile volume 300 gal 18,000 gal

Notes: The mean value is the sum of the times or volumes divided by the number of
trials. The median value is the time or volume is [sic] the 5 0 th percentile in the
cumulative distribution (i.e., haIf the results lie below the median value). The 5 and
9 5 th percentiles show the range of times or volumes that encompass 90% of the
calculated results.

From Attachment B3 of RPP-10413:

The main text shows stochastic results for two leak-to-drywell distances, lOft. and 45ft.
In this appendix, the leak-to-drywell distance (B) is allowed to vary over the bottom and
side surfaces of the tank. It will be assumed that a leak could occur anywhere on the
sides or bottom of the underground tank. It is further assumed that the sides are more
likely locations for the leak. A probability distribution is constructed for B and the
distribution of travel times is calculated. Three cases are considered. The first has only
one drywell for the tank. The second has two drywells on opposite sides of the tank. The
third case has three drywells evenly spread around the tank. As might be expected, as the
number of drywells, increases, the mean travel time decreases.....

... The stochastic results for these three cases are summarized in Table B3.1 [this is Table
B3.1 in RPP-10413, not a table in this work plan]. As the number of drywells increases,
the moisture travel time and volume leaked decrease....
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Table B3.1 Summary of Stochastic Results

Parameter One Two Three

Mean travel time 2,670 d 650 d 234 d

Median travel time 716 d 144 d 54 d

5th percentile time 6.6 d 3.4 d 2.5 d

9 5 th percentile time 10,500 d 2,5900 d 924 d

Mean volume leaked 23,100 gal 5,620 gal 2,030 gal

Median volume leaked 11,200gal 2,1600 gal 795 gal

5th percentile volume 105 gal 59 gal 46 gal

9 5 th percentile volume 87, 700 gal 22,400 gal 7,980 gal

Notes: The mean value is the sum of the times or volumes divided by the number
of trials. The median value is the time or volume is [sic] the 5 0 th percentile in the
cumulative distribution (i.e., haIf the results lie below the median value). The 5 th

and 95th percentiles show the range of times or volumes that encompass 90% of
the calculated results.

Tank C-102 has five drywells around the tank with the closest one about 12 ft away.
From Figure 4-1, it can be seen that there are no drywells located around about half the tank
perimeter on the east-southeast side. A re-evaluation of the 9 5th percentile maximum leak
volume that could be spotted for the tank C-102 drywell arrangement is not warranted because a
re-evaluation of RPP-10413 will only provide a number, it will not provide additional
information on how to minimize a potential leak. The keys to leak mitigation strategy are
detailed in Section 4.6.

Drywell logging is a currently deployed technology and has been used for a number of years
within the tank farms. Some of the equipment such as the RMS is newly developed, but the
basic principles of operation remain the same. It normally requires about a shift to perform
handheld moisture logging on all the drywells around a tank, assuming a 15- to 30-ft logging
range with data taken every foot. Approximately one shift is required to do a gamma scan with
the RAS truck on one drywell, based on a full 75-100-ft scan. If the RAS was used only over the
same range as the hand-held moisture logging, more than one drywell could possibly be logged
in a shift. Logging a well with the RMS vehicle, when approved for use, should take less time
than for the RAS. A full SGLS scan of a single drywell will take a shift. If the SGLS scan was
limited to the same depth range as the hand-held moisture monitoring, more than one drywell
might be logged in a shift.

The data collected during moisture logging consists of neutron counts at different depths below
grade in a drywell. These neutron counts are converted to a soil volume percent water using a
formula developed for each source/detector combination. Data may be taken manually or
electronically.
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The data collected during gamma logging consists of count rates at different depths below grade
in a drywell. These counts can be reviewed as a total count rate at that specific depth or for the
SGLS converted to a soil radionuclide concentration with a formula developed for each detector.
Electronic data are recorded on a storage medium.

Moisture logging data sheets are normally given to data analysis personnel the same or following
day from when the logging was performed. In instances such as when logging is done on a day
when personnel are normally off, it may be several days before the sheets are reviewed.
Following review, operations personnel are notified by data analysis personnel of out of the
ordinary readings. This notification will thus usually be 1 to 2 days after the data are taken, but
in limited instances may be up to 4 days.

The keys to leak mitigation strategy are detailed in Section 4.6.1.

Data collected with the handheld moisture gauge will be analyzed within a few days. Data
collected with the truck-mounted logging system will be analyzed within a few weeks under
normal operations.

Due to the uncertainty and variance in the performance of the technology, there is no
instantaneous method to measure leak migration rates.

4.5.2 SST Liquid Level Monitoring

Should the conditions listed in 4.2.1.2 be met, SST level monitoring can provide a leak detection
capability that exceeds that for either drywell monitoring or HRR. The accepted accuracy of an
Enraf gauge is ±0.1 in., or ±275 gal when the reading is taken within the 75 ft. diameter section
of the tank. The precision of the gauge is ±0.01 in., or ±28 gal. An Enraf gauge operating on a
liquid surface could easily note a decrease in liquid level of less than 275 gal. Such a decrease
would not automatically indicate a tank leak. The decrease would need to be evaluated to
determine if there were other causes besides a leak.

4.5.3 HRR Leak Detection

During the leak injection test performed in 2006 adjacent to tank S-102 a non-radioactive salt
solution was injected into the ground at depth of approximately the base of the tank. The
solution for the first test was injected into the soil, and the solution for the nine additional tests
injected into the soil wetted by the first test. RPP-30121, Tank 241-S-102 High-Resolution
Resistivity Leak Detection and Monitoring Test Report, indicates that these 'leaks' were detected
8 of the 10 times, and for those 8 detections the leak volumes at the time of detection were in the
nominal range of 100 to 600 gal. RPP-30121 further states that the leak detection capability of
the HRR injection test system, based upon all 10 tests, is a volume of 2,100 gal at a 95 %
confidence interval. This statement is only applicable to the HRR injection test system in the
geometry and under the conditions and leak rates tested ('tank' simulated as a 6 inch diameter
steel pipe extending downward approximately 100 ft with the leak occurring at a depth of
approximately 45 ft., 5 to 20 gal/h leak rates).
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It is reasonable to assume that the response for an HRR system deployed around an SST in
C-Farm may be somewhat less than that reported in RPP-30121 for the leak injection test setup
due to the differences in geometry between the test setup and a 100 Series SST in C-Farm,
including the presence of concrete around the steel SST body which may diffuse or hold up
leakage. There may also be a slightly lower conductivity for the liquids stored in the C-Farm
tanks when compared to the injection test salt solution. Based on past tank leak experience, the
rate of an actual tank leak would also likely be less than the range of leak rates tested in the leak
injection test. Due to these differences and other limitations preventing direct extrapolation of
test results to field deployment for an SST, a quantitative value cannot be stated for the leak
detection capability of an HRR system deployed in C-Farm. However, it can be qualitatively
stated that based upon experience at the Mock Test Site, the S-102 leak injection test,
observation of the response of surface electrodes tested both at S-102 and C-103, and general
HRR system operation both in S-Farm and C-Farm it is believed an HRR system deployed in
C-Farm should provide leak detection capability better than the calculated drywell monitoring
leak detection capability in Section 4.5.1. HRR interrogates the soil around and under a tank.
The system sensitivity may decrease somewhat with the distance of an electrode (drywell) from
the tank, but resistivity changes were still seen with drywells 100 ft. away from the injection
point during the injection testing. With drywell logging, waste liquid likely needs to be less than
a foot from the drywell to be detected by moisture monitoring. Gamma monitoring could
probably detect a leak when the liquid was 2 to 3 ft. from the drywell, depending upon
conditions. With the much larger area interrogated by HRR, HRR is expected to have a much
better sensitivity for leak detection when using the drywell-to-tank electrode data upon which the
leak injection test conclusions were based. Sensitivity for HRR leak detection using drywell-to-
drywell data is less under most conditions than that for drywell-to-tank data, but is still expected
to be better than drywell monitoring due to the larger soil volume interrogated by HRR.

The leak detection capability for HRR is also enhanced in comparison to drywell monitoring
since it operates on a near continuous basis, except when out of service.

Due to the uncertainty and variance in the performance of the technology, there is no
instantaneous method to measure leak migration rates.

The data collected during HRR consist of voltage and amperage readings taken at periodic
intervals for all electrode combinations. These are converted into a soil resistivity reading by
dividing the voltage by the amperage. The raw data are then processed through software and
analyzed for trends that may be indicative of a tank leak. The raw calculated resistivity values
can also be reviewed directly without processing.

The HRR data may be reviewed any time by qualified personnel. The raw data available may be
an hour or less old. Processed data lags 4 to 6 hr behind the raw data due to the need to wait for
a number of data sets to pass to perform spike rejection and filter the data. If the data are
reviewed once a day the data used may thus be from less than 1 to 54 hrs old when first
reviewed.
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4.6 MITIGATION STRATEGY

Mitigation strategy including a response plan to a detected leak (identify responses to
various leak rates) including notifications and provisions for obtaining approval of any
remedial actions.

4.6.1 Leak Mitigation for Waste Retrieval Tank Leak

The leak mitigation strategy (i.e., reduction of leak loss potential) is to minimize the liquid volume within
the tank during waste retrieval operations. Leak minimization for a waste retrieval tank leak will be
provided by actions taken during waste retrieval. These include the following:

* The in-tank liquid inventory during waste retrieval will be less than liquid level present in the tank
before interim stabilization activities were undertaken.

* Addition of liquid to the retrieval tank is minimized and liquid pools that form are removed as
practical.

* Liquid inventories during sluicing retrieval operations will be removed between waste retrieval
campaigns. Liquid inventories during heel removal operations will be maintained to the limits
specified in the process control plan.

* Waste is retrieved to the extent practical by working from the center of the tank outwards.

* Evaluating HRR system data as specified in Section 4.2.1.3.

* Equipment handling controls are used to minimize the potential for dropping equipment into the tank,
which could penetrate the tank bottom during installation.

* Maintaining a benchmark level in the tank. The waste level shall not exceed this benchmark. The
benchmark level is defined in the process control plan.

If there is a need to operate the system longer than currently planned to demonstrate the limit of the
technology to recover waste that is difficult to retrieve, the basic leak minimization step is still to limit the
volume of any free liquid in the tank.

The 'timeliness' of any leak response action is dictated in part by how often the HRR data (or drywell
monitoring data when used as a backup means of leak detection), are reviewed. Until a potential leak is
noted there is no leak response, only the steps enumerated above to minimize the leak potential and leak
volume. Anomalies noted during HRR data review are evaluated for leak potential. When this data
review indicates an unexplained anomaly exists that may be caused by a potential tank leak, all liquid
additions to the tank are stopped and the leak assessment process is begun.

The leak assessment process steps are:

* Implement TFC-ENG-CHEM-D-42, Tank Leak Assessment Process, leak assessment
procedure. No specific completion times are stated for the referenced steps in the leak
assessment process. Leak assessment steps in TFC-ENG-CHEM-D-42 include:
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o Review available information and identify additional information needs.
Available information includes in-tank and ex-tank measured data (e.g., surface
level, flow rate, barometric pressure); tank process history; historical drywell
logs; photographs; etc.

o Develop specific leak and non-leak hypotheses. Analysts and subject matter
experts develop leak and non-leak hypotheses through a concurrence approach.

o Assess leak probability. The probability for each leak and non-leak hypothesis
is calculated. The probability assessment is reviewed and concurred with by the
analysts.

o Prepare leak assessment report. The leak assessment report includes the
information reviewed, discussion of hypotheses considered, summary of analysts'
assessments, summary of mathematical probabilities, and final determination.

* Ecology will be informed within 72 hours that the evaluation process in TFC-ENG-CHEM-
D-42 was initiated and that retrieval operations have been suspended to validate if a leak has
occurred.

* During the leak assessment process, continue to retrieve liquid from the tank as practical.
There is also no timeline for this step; this operation would continue if it was already being
performed. If waste retrieval operations were not being performed and there was free liquid
in the tank that could be removed, this removal would commence as soon as resources could
be assembled to begin pumping, and the route to the receiver DST, and the DST itself, were
available and able to accept the transfer.

There is no specific timeline for stopping liquid addition to the tank, it would occur as soon as
direction was sent to field personnel to halt liquid addition. This direction would be sent as soon
as operations management was notified following receipt of information that showed an
unexplained anomaly existed.

The response to a potential leak will be the same regardless of the leak rate.

If the leak assessment concludes that no leak is indicated, waste retrieval operations will resume
under normal operating procedures. Should a leak be validated, the operating contractor will
notify the appropriate regulatory agencies in accordance with TFC-ESHQ-ENV_FS-C-01,
Environmental Notification. This includes notification to Ecology pursuant to the requirements
of WAC 173-303.

If the event or condition meets one of the occurrence reporting criteria, TFC-OPS-OPER-C-24,
Occurrence Reporting and Processing of Operations Information, provides a number of steps to
follow leading up to the point where the environmental notification procedure
TFC-ESHQ-ENV_FS-C-01 is applied. Procedures are in place that direct immediate actions
necessary to stabilize the facility/operation to a safe condition and preserve conditions for
subsequent investigation (TFC-OPS-OPER-C-24). The applicable steps related to Ecology
notification excerpted from TFC-ESHQ-ENVFS-C-0 1 include:
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* Notify Tank Farm Contractor Environmental personnel of the leak.

* Determine if the spill or release exceeds 40 CFR 302, "Designation, Reportable Quantities,
and Notification," reportable quantity for the material.

* Determine if a RCRA contingency plan needs to be implemented.

* Notify Ecology and the Washington State Department of Health if the reportable quantity
has been exceeded and/or the RCRA contingency plan has been implemented. (Note: These
notifications are performed per specific requirements on a checklist.)

4.6.2 Leak Mitigation for Receiving Tank Leak

The only receiver tank for SST waste is a DST. The primary mitigation strategy for a DST leak
is to maintain operable leak detection systems and respond as specified in procedures to potential
or confirmed leaks.

The following is a summary of leak mitigation actions for a DST. A more detailed discussion
can be found in HNF-3484, Double-Shell Tank Emergency Pumping Guide, and RPP-5842,
Time Deployment Study for Annulus Pumping.

Actions taken in the event of a leak of waste from primary tank piping into the secondary
containment system of the DST system or other receiver tank during a waste transfer from an
SST to a DST include (1) stopping the flow of waste into the tank system (stopping the transfer),
(2) pumping waste in the primary tank to another DST until the liquid level in the secondary
containment is no longer increasing, and (3) removing the waste from the secondary containment
system as soon as practicable. Tanks that develop leaks at or near the tank bottom may also
require salt well jet pumping to remove trapped liquids from between solid layers in the tank.

The response to a DST leak would be the same regardless of whether the leak was due to a
transfer leak into the annulus or a leak of the DST primary tank. Notifications are performed per
specific checklist requirements and transmitted to the listed parties no later than noon of the next
business day.

The following specific conditions associated with DST leak detection that require Ecology
notification are excerpted from TFC-ESHQ-ENVFS-C-01:

* Leak detection equipment preventive maintenance or functional testing that will exceed 24
hours downtime.

* Leak detection equipment repair that will require more than 90 days to complete.

* Annulus leak detector alarms that are not due to operational activities; intrusion caused
alarms that do not clear within four hours of annunciation must be reported.

* Operating annulus continuous air monitor readings that equal or exceed the continuous air
monitor alarm setpoint, and are not due to atmospheric radon or its decay products, or not
due to operational activities (e.g., annulus contamination due to vacuum imbalance between
annulus and primary tank ventilation system or other operational activity).
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The above leak detection and mitigation systems are approved and implemented through the
DST RCRA permitting process.

4.6.3 Leak Mitigation for Transfer Line Leak

Transfer line leakage occurring near the DST would likely drain to the DST receiver tank. All
other transfer line leakage will drain back to either the SST being retrieved or a containment
structure on the transfer line. Leakage to the containment structure is transferred to the SST
being retrieved. Response to transfer leak detection alarms is performed per procedure
(procedures for waste transfer will be developed before waste retrieval operations).
Leak detection is performed in a similar manner to, and response is similar to that for, existing
tank farm transfers. There is nothing unique to the tank waste retrieval leak detection system
logic when compared to existing tank farms transfer leak detection. Leak mitigation is provided
by the design of equipment that channels all leakage into an outer encasement that drains to an
alarmed location and a collection tank. The transfer is shut down when the alarm occurs.

Should a leak be detected in the aboveground diversion boxes or pits, the waste transfer pumps
would be shut down and the leakage would be transferred to the SST being retrieved using the
sump pump. Leaks within one of the sluicer boxes will result in pump shutdown with leakage
draining to the SST. Leaked waste will be returned to the SST being retrieved instead of the
DST receiver tank because the elevation of the receiver DST farms is higher than that at the C
tank farm and wastes leaked to the secondary containment of the transfer lines would drain to the
containments at the C tank farm, and leaked wastes would not be transferred to the DST through
a transfer system with unknown or questionable integrity. The leaks would be repaired or the
leak location bypassed before resuming waste retrieval operations.

Should a visible (aboveground) leak or release be detected during waste retrieval operations, any
transfers in progress would be stopped immediately and response actions defined in RPP-27869,
Building Emergency Planfor Tank Farms, would be implemented. A visible leak or spill would
only occur as a result of an accident or equipment failure. RPP-27869 identifies the facility
hazards, including hazardous materials, and defines the facility-specific emergency planning and
response. The emergency plan also describes incident response actions including the initial
response actions to immediately protect the health and safety of persons in the affected area,
determining if emergency notification is necessary, and taking steps necessary to ensure that a
secondary release, fire, or explosion does not occur. The response actions also include steps
taken to collect and contain released waste per the regulatory requirements of WAC 173-303.
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5.0 REGULATORY REQUIREMENTS IN
SUPPORT OF RETRIEVAL OPERATIONS

Retrieval of waste from the C-Farm SSTs will be performed under the requirements of the
Decree, Atomic Energy Act of 1954, RCRA, Chapter 70.105 RCW and its implementing
regulations, and WAC-173-303. The SSTs do not provide secondary containment and are not
compliant with RCRA and Chapter 70.105 RCW interim facility standards of Subpart J of
40 CFR 265. The SSTs are currently authorized to continue operations under Chapter 70.105
RCW pending closure in accordance with WAC 173-303-610, "Closure and Post-Closure,"
under the authority of the HFFACO Milestone M-45-00, "Complete Closure of all Single Shell
Tanks Farms." Except as otherwise modified by HFFACO Milestone M-45-00, DOE conducts
day-to-day operations of the SSTs in accordance with the interim facility standards established in
WAC-173-303-400(3), "Interim Status Facility Standards." WAC 173-303-400(3) incorporates
by reference the interim status performance standards set forth by the EPA in 40 CFR 265.
Additionally, the SSTs are governed by federal regulations promulgated under the authority of
the Atomic Energy Act of 1954 and various DOE directives incorporated into the contract
between ORP and the TOC (DE-AC27-08RV14800 for current TOC). These requirements are
implemented through operating plans and procedures by the TOC.

Interim status facility standards in WAC 173-303-400(3)(a) incorporate, by reference, the
interim status standards set forth by EPA in 40 CFR 265 Subpart J for tank systems. Elements of
the interim status standards relevant to the WRS along with the WRS features and/or operating
plans and procedures are summarized in Table 5-1.

If necessary, DOE will seek approval to retrieve waste that could contain polychlorinated
biphenyls from tanks C-102, C-104, C-107, C-108, and C- 112 using supernate from the receiver
DST and transfer the resulting slurry to the respective receiver DST from EPA before initiating
waste retrieval operations. DST supernate is classified as polychlorinated biphenyl remediation
waste in accordance with Ecology et al. (2000), Framework Agreementfor Management of
Polychlorinated Biphenyls (PCBs) in Hanford Tank Waste. Because the DST supernate is
polychlorinated biphenyl remediation waste, the retrieval of waste from SSTs, when using DST
supernate, requires a Risk-Based Disposal Approval, approved by EPA, pursuant to the Toxic
Substances Control Act of 1976.

The ventilation system(s) used during waste retrieval operations are designed to pass air through
the tank, thereby reducing condensation and fog within the tank. The ventilation systems
required by Washington State Department of Health include a heater, prefilter, demister, two
high-efficiency particulate air filters and test sections, exhaust fan, and stack. Details of the
ventilation systems are provided in 00-05-006, Hanford Site Air Operating Permit, as amended
and succeeded.
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Table 5-1. 40 CFR 265 (WAC 173-303-400) Interim Status
Standards Applicable to Waste Retrieval. (9 Sheets)

Regulation Requirement Compliance Method

265.15 [WAC 173-303- (a) The owner or operator must inspect his facility for malfunctions and RPP-16922, Section 10, contains the Interim
320], General Inspection deterioration, operator errors, and discharges Status inspection schedule for both the SST
Requirements (b) The owner or operator must develop and follow a written schedule for and DST systems. The inspection

inspecting all monitoring equipment, safety and emergency equipment, requirements are implemented through
security devices, and operating and structural equipment that are important to Operator Rounds and Shift Office tickle files.

preventing, detecting, or responding to environmental or human health Deficiencies discovered by operators are

hazards. entered into the Problem Evaluation Request

(c) The owner or operator must remedy any deterioration or malfunction of system and resolved through the Tank Farm

equipment or structures which the inspection reveals on a schedule which Contractor work control process contained in

ensures that the problem does not lead to an environmental health hazard. TFC-OPS-MAINT-C-01.

(d) The owner or operator must record inspections in an inspection log or
summary.

265.16 [WAC 173-303- (a) Facility personnel must successfully complete a program of classroom TFC-PLN-07 contains the training
330], Personnel Training instruction or on-the-job training that teaches them to perform their duties in requirements for tank farm workers.

a way that ensures the facility's compliance with the requirements of this Completion of the requirements is recorded in
part. the ITEM. ITEM records are also used to

(b) Facility personnel must successfully complete the program required in support regulatory agency inquiry during
paragraph (a) of this section within six months after the date of their compliance inspections. Tank farm

employment or assignment to a facility, or to a new position at a facility, employees who enter the TSD portion of the

whichever is later. Employees hired after the effective date of these facility also complete, at a minimum, 24-hour

regulations must not work in unsupervised positions until they have hazardous waste worker training. Employees
completed the training requirements of paragraph (a) of this section. who may come in contact with tank waste

(c) Facility personnel must take part in an annual review of the initial training complete the 40-hour hazardous waste worker

required in paragraph (a) of this section training. Both groups complete annual

(d) The owner or operator must maintain records at the facility 8-our hazardous waste worker refresher

(e) Training records must be kept until closure of the facility

Subpart D [WAC 173- 265.51 [WAC 173-303-350 (1)]: Each owner or operator must have a The Tank Farm Contingency Plan, which
303-350] [WAC 173-303- contingency plan. supports both the SST and DST systems, is
360], Contingency Plan 265.52 [WAC 173-303-350 (2) and (3)]: contained inRPP-27869. Supporting the
and Emergency (a) The contingency plan must describe the actions facility personnel must take contingency plan are the abnormal operating
Procedures in response to fires, explosions, or any unplanned sudden or non-sudden procedures and the emergency response

release of hazardous waste or hazardous waste constituents to air, soil, or procedures. Required notifications are

surface water contained in TFC-ESHQ-ENVFS-C-01.
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Regulation Requirement Compliance Method

(b) If the owner or operator has already prepared a Spill Prevention, Control,
and Countermeasures (SPCC) Plan or some other emergency or
contingency plan, he need only amend that plan to incorporate hazardous
waste management provisions.

(c) The plan must describe arrangements agreed to by local police departments,
fire departments, hospitals, contractors, and State and local emergency
response teams.

(d) The plan must list names, addresses, and phone numbers of all persons
qualified to act as emergency coordinator

(e) The plan must include a list of all emergency equipment at the facility

(f) The plan must include an evacuation plan for facility personnel

265.53 [WAC 173-303-350 (4)]: A copy of the contingency plan must be
maintained at the facility.

265.54 [WAC 173-303-350 (5)]: A contingency plan must be reviewed, and
immediately amended, if necessary, whenever:

(a) Applicable regulations are revised

(b) The plan fails in an emergency

(c) The facility changes

(d) The list of emergency coordinators changes

(e) The list of emergency equipment changes

265.55 [WAC 173-303-360 (1)]: At all times, there must be at least one
employee either on the facility premises or on call with the responsibility for
coordinating all emergency response measures.

265.56 [WAC 173-303-360 (2)]:

(a) Whenever there is an imminent or actual emergency situation, the
emergency coordinator must immediately:

(1) Activate internal facility alarms or communication systems

(2) Notify appropriate State or local agencies

(b) Whenever there is a release, fire or explosion, the emergency coordinator
must immediately identify the character, exact source, amount, and real
extent of any released hazard.

(c) The emergency coordinator must assess possible hazards to human health or

The contingency plans are maintained in the
Waste Feed Operations and the Closure
Project shift office. The on-duty Shift
Manager serves as the Building Emergency
Director. Emergency pumping of the DST is
guided by emergency pumping guide
HNF-3484. The Building Emergency Plan is
maintained and updated as required by the
Waste Feed Operations Support group.
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the environment

(d) If the emergency coordinator determines that the facility has had a release,
fire, or explosion which could threaten human health, or the environment,
outside the facility, he must report his findings.

(e) The emergency coordinator must take all reasonable measures necessary to
ensure that fire, explosions, and releases do not occur, recur, or spread to
other hazardous waste at the facility

(f) If the facility stops operations in response to a fire, explosion or release, the
emergency coordinator must monitor for leaks, pressure buildup, gas
generation, or ruptures in valves, pipes, or other equipment, wherever this is
appropriate

(g) Immediately after an emergency, the emergency coordinator must provide
for treating, storing, or disposing of recovered waste, contaminated soil or
surface water, or any other material that results from a release, fire, or
explosion

(h) The emergency coordinator must ensure that no waste that may be
incompatible with the released material is treated, stored, or disposed of
until cleanup procedures are completed and all emergency equipment listed
in the contingency plan is cleaned and fit for its intended use before
operation is resumed

(i) The owner or operator must notify the Regional Administrator, and
appropriate State and local authorities, that the facility is in compliance with
paragraph (h) before operations are resumed

() The owner or operator must note in the operating record the time, date, and
details of any incident that requires implementing the contingency plan.
Within 15 days after the incident, submit a written report on the incident to
the Regional Administrator.



Table 5-1. 40 CFR 265 (WAC 173-303-400) Interim Status
Standards Applicable to Waste Retrieval. (9 Sheets)

Regulation Requirement Compliance Method

265.73 [WAC 173-303- (a) The owner or operator must keep a written operating record The written operating record for tank farms
380], Facility consists of the following:
Recordkeeping 0 Completed operator rounds

" Shift Manager log books

" Completed corrective maintenance and
preventative maintenance procedures and
packages

265.191, Assessment of (a) For each existing tank system that does not have secondary containment (a) and (b): RPP-10435 prepared and
existing tank systems meeting the requirements of 265.193, the owner or operator must determine submitted under HFFACO Milestone
integrity that the tank system is not leaking or is unfit for use. M-23-24.

(b) This assessment must determine that the tank system is adequately designed (d) HFFACO M-45 series milestones
and has sufficient structural strength and compatibility with the waste(s) to
be stored or treated to ensure that it will not collapse, rupture, or fail.

(d) If, as a result of the assessment conducted a tank system is found to be
leaking or unfit for use, the owner or operator must comply with the
requirement of 265.196.

265-192, Design and (a) Owners or operators of new tank systems or components must ensure that The HIHTL design and installation is verified
Installation of New Tank the foundation, structural support, seams, connections, and pressure control and certified by an IQRPE. Aboveground
Systems or Components (if applicable) are adequately designed and that the tank system has retrieval systems are verified and certified by

sufficient structural strength, compatibility with the waste to be stored or an IQRPE (e.g., RPP-16666). System design
treated, and corrosion protection so that it will not collapse, rupture, or fail. and IQRPE certification ensure that parts (a),
The owner or operator must obtain a written assessment, reviewed and (b), (c), (d), and (e) are met. Cathodic
certified by an independent, qualified, registered professional engineer protection is not installed on the HIHTL.
attesting that the system has sufficient structural integrity and is acceptable Note: The 241-C-102 and 241-C-104
for the storing and treating of hazardous waste concrete pits are not fully compliant with 40

(b) The owner or operator of a new tank systems must ensure that proper CFR 265.193 and WAC 173-303-640
handling procedures are adhered to in order to prevent damage to the secondary containment standards and cannot
system during installation. Prior to covering, enclosing, or placing a new be certified by an IQRPE pursuant to 40 CFR
tank system or component in use, an independent, qualified installation 265.192 or WAC 173-303-640. The
inspector or an independent, qualified, registered professional engineer, alternative design and operating practices,
either of whom is trained and experienced in the proper installation of tank together with location characteristics are as
systems, must inspect the system or component. effective as secondary containment because

(c) New tank systems or components and piping that are placed underground the concrete pits have installed leak detection



Table 5-1. 40 CFR 265 (WAC 173-303-400) Interim Status
Standards Applicable to Waste Retrieval. (9 Sheets)

Regulation Requirement Compliance Method

and that are backfilled must be provided with a backfill material that is a systems that will terminate a waste transfer
noncorrosive, porous, homogeneous substance that is carefully installed so upon detection of a leak, have a method for
that the backfill is placed completely around the tank and compacted to removal of any waste or liquid that enters the
ensure that the tank and piping are fully and uniformly supported. pit, and have sufficient volume such that they

(d) All new tanks and ancillary equipment must be tested for tightness prior to will contain, without overflowing the pit, any
being covered, enclosed, or placed in use. leaked waste resulting from transfer line

(e) Ancillary equipment must be supported and protected against physical hold-up drainage and pump operation from

damage and excessive stress due to settlement, vibration, expansion or the time of detection to time of automatic or

contraction operator induced shutdown. The pits will not

(f) The owner or operator must provide the type and degree of corrosion be upgraded to meet the secondary
protection necessary to ensure the integrity of the tank system during use of inspected by, or certified by, an IQRPE. An
the tank system. The installation of a corrosion protection system that is IQRPE will certify the leak detection
field fabricated must be supervised by an independent corrosion expert to operability criteria have been met before
ensure proper installation retrieval begins.

(g) The owner or operator must obtain and keep on file at the facility a written
statement by those persons required to certify the design of the tank system
and supervise the installation of the tank system in accordance with the
requirements of this section to attest that the tank system was properly
designed and installed and that repairs were performed. These written
statements must also include the certification statement.

265.193, Containment (a) In order to prevent the release of hazardous waste or hazardous constituents The retrieval system equipment is designed
and Detection of Releases to the environment, secondary containment must be provided with compliant secondary containment.

(b) Secondary containment must be: Design documentation is available for

(1) Designed, installed, and operated to prevent any migration of waste or inspection.

accumulated liquid out of the system to the soil, ground water, or
surface water at any time during the use of the tank system

(2) Capable of detecting and colleting releases and accumulated liquids
until the collected liquid can be removed.

(c) To meet the requirements of paragraph (b) of this section, secondary
containment must be at a minimum:

(1) Constructed of or lined with materials that are compatible with the
waste(s) to be placed in the tank system and must have sufficient
strength and thickness to prevent failure due to pressure gradients,
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physical contact with the waste to which it is exposed, climatic
conditions, the stress of installation, and the stress of daily operation.

(2) Placed on a foundation or base capable of providing support to the
secondary containment system and resistance to pressure gradients
above and below the system and capable of preventing failure due to
settlement, compression, or uplift.

(3) Provided with a leak-detection system that is designed and operated so
that it will detect the failure of either the primary and secondary
containment structure or any release if hazardous waste or accumulated
liquid in the secondary containment system within 24 hours, or at the
earliest practicable time if the existing detection technology or site
conditions will not allow detection of a release within 24 hours.

(4) Sloped or otherwise designed or operated to drain and remove liquids
resulting from leaks, spills, or precipitation. Spilled or leaked waste
and accumulated precipitation must be removed from the secondary
containment system with 24 hours, or in as timely a manner as is
possible to prevent harm to human health or the environment, if
removal of the released waste or accumulated precipitation cannot be
accomplished within 24 hours.

(d) Secondary containment for tanks must include one or more of the following
devices;

(1) A line (external to the tank)

(2) A vault

(3) A double-walled tank

(4) An equivalent device as approved by the Regional Administrator.

(e) [Applies to the design of external liners, vaults, and double-walled tanks.]

(f) Ancillary equipment must be provided with full secondary containment
except for:

(1) Aboveground piping (exclusive of flanges, joints, valves, and
connections) that are visually inspected for leaks on a daily basis

(2) Welded flanges, welded joints, and welded connections that are
visually inspected for leaks on a daily basis

(3) Sealless or magnetic coupling pumps and sealless valves that are
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visually inspected for leaks on a daily basis

(4) Pressurized aboveground piping systems with automatic shutoff
devices that are visually inspected for leaks on a daily basis.

265.194, General (a) Hazardous wastes or treatment reagents must not be placed in a tank system Control of the waste retrieval process is
Operating Requirements if they could cause the tank, its ancillary equipment, or the containment defined in the process control plan for each

system to rupture, leak, corrode, or otherwise fail. retrieval:

(b) The owner or operator must use appropriate controls and practices to (1) System design.
prevent spills and overflows from tank or containment systems. (2) The receiving DST has primary tank
They include at a minimum: level instrumentation which is monitored
(1) Spill prevention controls during transfers.

(2) Overfill prevention controls (3) Not applicable.

(3) Maintenance of sufficient freeboard in uncovered tanks to prevent
overtopping by wave or wind action or by precipitation

265.195, Inspections (a) The owner or operator must inspect, where present, at least once each RPP-16922, Section 10, contains the interim
operating day: status inspection requirements for the tank

(1) Overfill/spill control equipment farms. The inspection requirements are

(2) The aboveground portions of the tank system, if any, to detect implemented through Operator Round Sheets.

corrosion or release of waste Visual inspection of piping components is not

practical due to the presence of shielding;
(3) Data gathered from monitoring equipment and leak-detection potential leaks are indicated by

equipment (e.g., pressure and temperature gauges, monitoring wells) to instrumentation. Visual inspections of
ensure that the tank system is being operated according to its design shielded secondary containment systems for

(4) The construction materials and the area immediately surrounding the aboveground piping components are
externally accessible portion of the tank system including secondary performed during operator rounds.
containment structures to detect erosion or signs of release of Inspection and verification of operation of the
hazardous waste cathodic protection systems is accomplished

(b) The owner or operator must inspect cathodic protection systems, if present, through Tank Farm Contractor approved
according to, at a minimum, the following schedule to ensure that they are procedures. The completed cathodic
functioning properly protection procedures and operator round
(1) the proper operation of the cathodic protection system must be sheets are part of the written operating record.

confirmed within six months after initial installation and annually
thereafter

(2) All sources of impressed current must be inspected and/or tested, as

00
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appropriate, at least bimonthly

(c) The owner or operator must document in the operating record of the
facility an inspection of those items (above)

265.196 [WAC 173-303- A tank system or secondary containment system from which there has been a leak Response to leak or spills is defined in
400 (3)(c)(vii)], Response or spill, or which is unfit for use, must be removed from service immediately, and Section 4.0
to leaks or spills and the owner or operator must satisfy the following requirements;
disposition of leaking or (a) Cessation of use; prevent flow or addition of wastes
unfit-for-use tank systems (b) Removal of waste from tank system or secondary containment system

(c) Containment of visible releases to the environment

(d) Notifications, reports

WAC 173-303-283 (3), The owner/operator must design, construct, operate, or maintain a dangerous The following plans and procedures and their
Performance standards waste facility that to the maximum extent practical given the limits of technology implementation provide the preventative

prevents: measures required:

(a) Degradation of ground water quality; (a) Groundwater monitoring plan
(b) Degradation of air quality by open burning or other activities; (PNNL-13024).

(c) Degradation of surface water quality; (b) No open burning is allowed.
(d) Destruction or impairment of flora and fauna outside the active portion of (c) Berms and gutters are in place to prevent

the facility; surface runoff and surface run-on.
(e) Excessive noise (d) No destruction or impairment of flora
(f) Conditions that constitute a negative aesthetic impact for the public using and fauna occur outside of the tank

rights of ways, or public lands, or for landowners of adjacent properties; farms.

(g) Unstable hillsides or soils as a result of trenches, impoundments, (e) Noise is monitored per TOC procedures.
excavations, etc.; (f) The tank farms are within the dangerous

(h) The use of processes that do not treat, detoxify, recycle, reclaim, and waste facility (i.e., Hanford site).
recover waste material to the extent economically feasible; and (g) Appropriate permits are obtained before

(i) Endangerment of the health of employees, or the public near the facility. excavation work is started.
No excavation work is associated with
tank waste retrieval.

(h) The waste retrieval process is designed,
constructed and will be operated to treat
and recover waste to the limits of
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technology in accordance with HFFACO
milestone M-45-00 (see Section 3.4).

(i) The public is protected by the NOC per
WAC 173-303-400 & 460. Workers are

protected per TFC-PLN-43.

WAC 173-303-400, Incorporates by reference 40 CFR 265 with the exception of 265.1 (c)(4),
Interim Status Facility 265.149-150 and 265.430. Replaces federal terms in 40 CFR 265 (i.e., regional
Standards administrator, hazardous) with state terms (i.e., department, dangerous)

Note: Documents references information is provided in Section 9.0 of this document.

DST
HFFACO
HIHTL
IQRPE
ITEM
NOC
SST
TOC
TSD

double-shell tank.
Hanford Federal Facility Agreement and Consent Order.
hose-in-hose transfer line.
independent, qualified, registered professional engineer.
Integrated Training Electronic Matrix.
notice of construction.
single-shell tank.
tank operations contractor
treatment, storage, and/or disposal.
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6.0 PRELIMINARY ISOLATION EVALUATION

This section provides a preliminary isolation evaluation for tanks C-102, C-104, C-107, C-108,
and C-1 12. Intrusion prevention measures were completed in the 1980s for these tanks.
The identification of tank penetrations and methods used to isolate intrusion pathways is
described in Section 2.0. Isolation details for intrusion measures that have been completed for
the tanks are provided on the following drawings:

H-2-73338, Piping Waste Tank Isolation
H-2-73342, Piping Waste Tank Isolation
H-2-73344, Piping Waste Tank Isolation
H-2-73347, Piping Waste Tank Isolation
H-2-73348, Piping Waste Tank Isolation
H-2-73 3 5 1, Piping Waste Tank Isolation

C-Tank Farm Plot Plan, Sheet 1
TK 241-C-102, Sheet 1
TK 241-C-104, Sheet 1
TK 241-C-107, Sheet 1
TK 241-C-108, Sheet 1
TK 241-C-112, Sheet 1.

Installation of waste retrieval equipment in tanks C-102, C-104, C-107, C-108, and C- 112 will
involve placement of equipment through new or existing tank risers. Following completion of
waste retrieval, the in-tank equipment may be removed or may be left in place for disposition
during tank closure activity actions. New isolation drawings or modifications to existing
drawings will be prepared to define methods for isolating potential intrusion pathways following
completion of waste retrieval. Intrusion monitoring will be conducted per OSD-T-151-00031
until specific post-retrieval monitoring requirements are defined. Pre-retrieval isolation is
discussed in Section 2.6.
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7.0 PRE-RETRIEVAL RISK ASSESSMENT

This section provides long-term human health risk information to support operational decisions
in the event a leak is detected during waste retrieval operations for tanks C-102, C-104, C-107,
C-108, and C-112. The need to consider long-term human health impacts in developing tank
waste retrieval work plans was established in the HFFACO M-45 milestone series through
Change Request M-45-04-01.

According to Appendix I of the HFFACO and the Decree, the information provided in the work
plans will include the following:

A pre-retrieval risk assessment ofpotential residuals, consideration ofpast leaks, and
potential leaks during retrieval, based on available data and the most sophisticated
analysis available at the time. The purpose of this risk assessment is to aid operational
decisions during retrieval activities. This risk assessment will not be used to makefinal
retrieval or closure decisions. The risk assessment will contain the following, as
appropriate:

" Long-term human health risk associated with potential leaks during retrieval and
potential residual waste after completion of retrieval:.

- Potential impacts to groundwater, including a waste management area (WMA)-
level risk assessment.

- Potential impacts based on an intruder scenario.

* Process management responses to a leak during retrieval and estimated potential
leak volume.

* The pre-retrieval risk analysis will be based on the following criteria:

- Using the WMA fenceline for point of compliance.

- Identify the primary indicator contaminants (accounting for at least 95% of
impact to groundwater risk) and provide the incremental lifetime cancer risk
(ULCR) and hazard index (HI).

- Using ILCR and HIfor the industrial and residential human scenarios as the risk
metric.

- Calculated concentration(s) ofprimary indicator contaminant(s) in groundwater
(mg/L and pCi/L).

The risk information provided in this section was developed to meet the requirements identified
in HFFACO Appendix I. Information is provided for two main categories of impacts:
(1) long-term human health risk associated with use of groundwater, and (2) long-term human
health risk associated with inadvertent post-closure human intrusion. Uncertainty or sensitivity
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evaluations of the impact of constituent concentration variability will be provided in the closure
plan risk assessment and the retrieval data report.

Groundwater pathway impacts are discussed in Section 7.1. Inadvertent intruder impacts are
discussed in Section 7.2. Calculation detail is provided in RPP-22392, Tanks C-102, C-104,
C-107, C-108, and C-112 Long-Term Human Health Risk Calculations to Support Tank Waste
Retrieval Work Plan.

7.1 GROUNDWATER PATHWAY IMPACTS

The groundwater pathway impacts evaluation emphasized the development of a set of graphical
tools to provide a basis for making informed decisions in the event a leak is detected or
unexpected retrieval conditions arise during waste retrieval operations. The format used for the
retrieval leak impact graphs was developed with Ecology during a joint workshop on
March 31, 2004. The graphs are tank-specific and are intended to provide a means to rapidly
convert retrieval leak monitoring data into a rough approximation of potential groundwater
pathway impacts for a particular retrieval leak.

The methodology used to develop the retrieval leak impact graphs is described in Section 7.1.1.
Tank-specific retrieval leak impact results are discussed in Section 7.1.2. Retrieval leak impact
graphs for the individual tanks are provided in Appendix A through Appendix E. A WMA-level
perspective on groundwater pathway impacts is provided in Section 7.1.3 to help place the
potential retrieval leak impacts from the individual tanks into the context of the potential impacts
for the C tank farm as a whole.

7.1.1 Retrieval Leak Evaluation Methodology

The retrieval leak graphs were developed using the following methodology:

* Focus on potential long-term groundwater pathway human health risk at the
downgradient tank farm fenceline

* Use radiological incremental lifetime cancer risk (ILCR) and noncarcinogenic chemical
hazard index (HI) as the primary human health impact metrics

* Use industrial and residential exposure scenarios

* Identify the significant contributors (95% of total) for each health impact metric and
generate a separate graph for each significant contributor

* Derive effects of contaminant release and transport from previous studies

* Use the best available published data and information to the maximum extent possible.
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The human health impact values used to generate the retrieval leak impact graphs are estimates
based on Equation 7-1.

Ri = li x Ci x Hi (7-1)

Where:

i = indicator contaminant
Ri = risk metric (radiological ILCR or chemical HI)
I, = inventory (Ci or kg released into the environment [e.g., retrieval leakage])
Ci = unit groundwater concentration factor (pCi/L per Ci, or mg/L per kg)
Hi = health effects conversion factor (ILCR per pCi/L, or HI per mg/L).

Sections 7.1.1.1 through 7.1.1.4 discuss the individual terms in Equation 7-1, including
identification of indicator contaminants, development of contaminant inventories, simulation of
contaminant transport, and identification of exposure scenarios and health effects conversions
factors.

7.1.1.1. Indicator Contaminants. Retrieval leak impact graphs were generated for a subset of
significant contaminants rather than for all contaminants. Significant contaminants were the
contaminants estimated to dominate or drive the total impact for a particular human health
impact metric. Significant contaminants serve as indicators of the magnitude of total impacts
from all contaminants.

An indicator contaminant approach was used to ensure that the resulting graphical tools would
provide a reasonable estimate of total impacts but at the same time be sufficiently simple to
facilitate rapid decision making without requiring a lot of additional calculation in the event a
leak is detected during waste retrieval. The primary human health impact metrics used were
radiological ILCR and noncarcinogenic chemical HI. Nonradiological ILCR was also included
for information purposes.

Indicator contaminants for each human health impact metric were identified based on the results
of the WMA C risk assessment presented in RPP-13774. The WMA C Closure Action Plan
provided as Appendix C to RPP-13774 includes the results of a comprehensive WMA C
long-term groundwater pathway human health risk assessment that was supported by a
site-specific numerical vadose zone and groundwater modeling effort. The Risk Assessmentfor
WMA C Closure Plan provided as Addendum CI to RPP-13774 shows contaminant-specific
impact contributions at the WMA C downgradient fenceline by source term for technetium-99,
iodine- 129, nitrate, nitrite, total uranium, and hexavalent chromium. Also shown are the total
impacts by source term based on the contributions from all contaminants given in
DOE/ORP-2003-02, Inventory and Source Term Data Package, for which a toxicity factor was
available. Exposure scenarios and risk factors used for the RPP-13774 analysis were obtained
from HNF-SD-WM-TI-707, Exposure Scenarios and Unit Dose Factors for the Hanford Tank
Waste Performance Assessment.

The HNF-SD-WM-TI-707 evaluation provides unit dose factors, unit risk factors, and unit HI
factors for a comprehensive set of contaminants of potential concern for Hanford Site risk
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assessment. A total of 93 radionuclides and 161 chemicals are evaluated. The unit factors were
derived from standard formulas using data considered to be the most current or technically
sound. For radionuclides, the cancer morbidity risk coefficients in EPA-402-R-99-00 1,
Cancer Risk Coefficients for Environmental Exposure to Radionuclides, were used.
For chemicals, the non-cancer toxicity reference doses and cancer induction slope factors
adopted by EPA and listed in the Integrated Risk Information System (IRIS)
(http://www.epa.gov/iris) were used. Where toxicity parameters were not available in IRIS,
values from EPA-540/R-97/036, Health Effects Assessment Summary Tables (HEAST) FY 1997
Update, and the Risk Assessment Information System (RAIS) (http://risk.lsd.ornl.gov)
maintained by the Oak Ridge National Laboratory were used. To provide an indication of the
importance of missing toxicity parameters, the evaluation also includes estimates of the missing
parameters for chemicals that have a reference dose or slope factor for ingestion, but none for
inhalation, or vice versa.

Table 7-1 is a summary from the RPP-13774 base case analysis results showing the contaminant
contributions by source term for each of the human health impact metrics. Table 7-1 shows the
peak impacts from WMA C potential residual tank waste past leaks (including one tank leak and
three ancillary pipeline leaks), and potential retrieval leaks (assuming an 8,000-gal. leak from
each of the C-100-series tanks).

The RPP-13774 analysis results indicate the only contributors to total WMA C radiological
ILCR at the fenceline at the time of peak would be the highly mobile (distribution coefficient
[Kd = 0 mL/g]) radionuclides: technetium-99, iodine-129, carbon-14, and tritium, with
technetium-99 being the major driver. Technetium-99 was predicted to contribute approximately
85% to 98% of the total radiological ILCR depending on the source term and receptor scenario.
Technetium-99 was therefore selected as the radiological ILCR indicator contaminant for this
evaluation. It is recognized that technetium-99 contributes slightly less than 95% of the total
radiological ILCR for the industrial scenario; however, technetium-99 clearly predominates the
radiological impacts in all cases and is therefore considered an appropriate choice of indicators
for radiological ILCR.

The RPP-13774 analysis results indicate the only contributors to the total WMA C
noncarcinogenic chemical HI at the fenceline at the time of peak would be the highly mobile
(Kd = 0 mL/g) chemicals: hexavalent chromium, nitrite, fluoride, and nitrate, with hexavalent
chromium and nitrite being the major drivers. The RPP-13774 analysis conservatively assumed
that all chromium inventory was hexavalent chromium. Hexavalent chromium and nitrite
combined were predicted to contribute approximately 76 to 95% of the total HI depending on
source term and receptor scenario. Hexavalent chromium and nitrite were therefore selected as
the noncarcinogenic chemical HI indicator contaminants for this evaluation. It is recognized that
hexavalent chromium and nitrite combined contribute slightly less than 95% of the total HI for
certain source terms and receptor scenarios; however, these two chemicals combined clearly
predominate the noncarcinogenic chemical impacts in all cases and are therefore considered an
appropriate choice of indicators for noncarcinogenic chemical HI.
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Table 7-1. Contaminant Contributions to Peak Groundwater Pathway Human
Health Impacts at Waste Management Area C Fenceline. (2 Sheets)

Time of Radiological Incremental Lifetime Nonradiological Incremental Noncarcinogenic Chemical Hazard
Source Peak Cancer Risk Lifetime Cancer Risk Index
Term (Yr AD) Industrial Residential Industrial Residential Industrial Residential

Tc-99 Tc-99 Cr(VI) Cr(VI) Cr(VI) Cr(VI)
6.9E-06 (85%) 1.7E-04 (95%) 1.1E-07 (100%) 2.4E-07 (100%) 1.7E-02 (52%) 9.7E-02 (49%)

1-129 1-129 Total Total NO 2  NO 2
7.1E-07 (9%) 3.7E-06 (2%) 1.1E-07 (100%) 2.4E-07 (100%) 1.4E-02 (43%) 9.1E-02 (46%)

Past leaksa 2117 C-14 C-14 NO 3  NO 3
5.4E-07 (6%) 3.9E-06 (3%) 1.7E-03 (5%) 1.1E-02 (5%)

H-3 H-3 F F
8.8E-10 (<1%) 3.7E-09 (<1%) 1.4E-05 (<1%) 9.7E-05 (<1%)

Total Total Total Total
8.1E-06 (100%) 1.8E-04 (100%) 3.3E-02 (100%) 2.OE-01 (100%)

Tc-99 Tc-99 Cr(VI) Cr(VI) Cr(VI) Cr(VI)
5.7E-06 (89%) 1.4E-04 (98%) 1.7E-07 (100%) 3.8E-07 (100%) 2.8E-02 (41%) 1.5E-01 (36%)

1-129 1-129 Total Total NO 2  NO 2
6.1E-07 (9%) 3.2E-06 (2%) 1.7E-07 (100%) 3.8E-07 (100%) 2.6E-02 (39%) 1.7E-01 (40%)

Retrieval 2082 C-14 C-14 NO 3  NO 3
leaks b 1.3E-07 (2%) 9.OE-07 (<1%) 4.1E-03 (5%) 2.6E-02 (6%)

H-3 H-3 F F
2.9E-10 (<1%) 1.2E-09 (<1%) 1.OE-02 (15%) 7.3E-02 (18%)

Total Total Total Totall
6.5E-06 (100%) 1.4E-04 (100%) 6.7E-02 (100%) 4.2E-01 (100%)



Table 7-1. Contaminant Contributions to Peak Groundwater Pathway Human
Health Impacts at Waste Management Area C Fenceline. (2 Sheets)

Time of Radiological Incremental Lifetime Nonradiological Incremental Noncarcinogenic Chemical Hazard
Source Peak Cancer Risk Lifetime Cancer Risk Index
Term (Yr AD) Industrial Residential Industrial Residential Industrial Residential

Tc-99 Tc-99 Cr(VI) Cr(VI) Cr(VI) Cr(VI)
9.OE-07 (89%) 2.2E-05 (97%) 2.8E-08 (100%) 6.3E-08 (100%) 4.5E-03 (48%) 2.5E-02 (44%)

1-129 1-129 Total Total NO 2  NO 2
1.OE-07 (10%) 5.2E-07 (2%) 2.8E-08 (100%) 6.3E-08 (100%) 3.4E-03 (36%) 2.2E-02 (38%)

Residual 5614 C-14 C-14 NO 3  NO 3
tank waste ' 1 1.2E-08 (1%) 8.8E-08 (<1%) 4.5E-04 (5%) 2.9E-03 (5%)

H-3 H-3 F F
0.0 (0%) 0.0 (0%) 1.1E-03 (11%) 7.8E-03 (13%)

Total Total Total Total
1.OE-06 (100%) 2.3E-05 (100%) 9.4E-03 (100%) 5.7E-02 (100%)

HFFACO =Hanford Federal Facility Agreement and Consent Order.

a Source: RPP-13774, Addendum Cl, Tables 33 and 34 and additional model output data (includes contributions from one tank leak [C-105] and three unplanned
releases [UPR-200-E-81, UPR-200-E-82, UPR-200-E-86]).
b Source: RPP-13774, Addendum Cl, Tables 36 and 37 and additional model output data (includes contributions from hypothetical 8,000-gal. retrieval leak from each
C-100-series tank assuming raw water as the sluicing fluid).
'Source: RPP-13774, Addendum Cl, Tables 30 and 31 and additional model output data (includes contributions from HFFACO specified post-retrieval residual waste
volume in C-100 and C-200-series tanks).
RPP-13774, 2004, Single-Shell Tank System Closure Plan, Rev. 2, CH2M HILL Hanford Group, Inc., Richland, Washington.
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Total uranium was simulated in the RPP-13774 analysis as a moderately mobile (Kd = 0.6 mL/g)
contaminant and was not projected to arrive at the fenceline until approximately 5,000 years after
closure. At the time of first arrival, the uranium concentration was due primarily to contributions
from past leaks and hypothetical retrieval leaks. Uranium from residual waste was not projected
to arrive at the fenceline until late in the 10,000-year simulation period. Peak human health
impacts were projected to occur within 100 years after closure for past leaks and retrieval leaks
and within 3,500 years after closure for residual waste. The peak values in all cases were driven
by contributions from the highly mobile (Kd = 0 mL/g) contaminants. Uranium had not yet
broken through to the water table at the time of peak for any source term and therefore made no
contribution to the peaks. Uranium exhibited increasing concentrations at the end of the
10,000-year simulation and was a primary contributor to the impacts calculated at the end of the
simulation. The impacts at the end of the simulation were lower than the peak impacts by an
order of magnitude or more.

The RPP-13774 analysis also included an assessment of nonradiological cancer risk.
Cancer risks from radionuclides and carcinogenic chemicals are typically reported as separate
metrics rather than being summed because of differences in how risk is estimated for these two
categories of substances. A total of 24 nonradiological chemical contaminants are included in
the BBI. Of these, only one, hexavalent chromium, has a published cancer slope factor.

Nonradiological ILCR was assessed in the RPP-13774 analysis based solely on hexavalent
chromium exposure. The nonradiological ILCR results from RPP-13774 are shown in Table 7-1
for information purposes to provide an indication of the potential magnitude of nonradiological
ILCR. The results indicate that nonradiological ILCR peaks would be on the order of 10-7 for the
past leak and retrieval leak source terms and 10-8 for the residual waste source term. However,
because it is based on only one contaminant, nonradiological ILCR was not carried forward as a
separate evaluation metric (i.e., was not used to generate a separate set of retrieval leak impact
graphs). The degree to which hexavalent chromium ILCR provides an indication of total ILCR
is uncertain because of the limited number of chemical analytes reported in the BBI. There is
additional uncertainty regarding chromium speciation and the degree of conservatism introduced
by assuming that all chromium is hexavalent chromium.

Note that hexavalent chromium is classified as both a chemical toxicant (evaluated using HI) and
a carcinogen (evaluated using ILCR). It is classified as toxic via both ingestion and inhalation
but carcinogenic only via inhalation. The inhalation intake for the groundwater pathway
exposures is based on re-suspended soil and volatilized water. The soil is assumed to be
contaminated by irrigation with contaminated groundwater for both the industrial and residential
scenarios. Water volatilization is assumed to occur during showering with contaminated
groundwater. Further discussion of exposure parameters and scenarios is provided in
HNF-SD-WM-TI-707.

7.1.1.2. Potential Retrieval Leak Inventories. This document presents much of the risk data
assuming an 8,000-gal. retrieval leak volume. This quantity is used only as a point of reference,
and for consistency and comparison with the volume assumed in the WMA C Closure Plan
(RPP-13774, Appendix C) risk assessment. The choice of the reference volume is arbitrary and
does not affect how the risk values would be used in the event of a retrieval leak. The 8,000 gal.
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is a hypothetical volume that represents neither an anticipated leak volume nor a leak detection
limit. Tanks C-102, C-104, C-107, C-108, and C-112 are classified sound and are not anticipated
to leak during waste retrieval. If a leak is detected, however, the risk graphs provided in
Appendices A through E will allow the leak impacts to be estimated regardless of leak volume.

The retrieval leak impact graphs provided in the appendices were generated by applying
Equation 7-1 over a range of hypothetical retrieval leak inventories for each indicator
contaminant (RPP-22392 and RPP-22521). Because potential retrieval leak volumes are
uncertain, the inventory range was selected to encompass a small leak on the low end and a large
leak on the high end. Points of reference were added to the graphs to show the estimated current
tank inventory and the estimated inventory associated with a hypothetical 8,000-gal. retrieval
leak assuming sluicing with DST supernate as identified in Appendix A, B, C, D, and E of this
document for the planned retrieval sequence (Figure 2-1) and receiver DST (Figure 3-1). The
8,000-gal. volume was used only for information purposes to provide a point of reference on the
graphs.

Development of the tank-specific inventories shown as points of reference on the graphs for the
individual tanks is discussed in the appendices. Current inventory values were taken from the
BBI by downloading from the Tank Waste Information Network System (TWINS) database.
Hypothetical retrieval leak inventory values were calculated from the best available published
data source.

7.1.1.3. Contaminant Transport Simulations. The RPP-13774 analysis provides the most
sophisticated currently available predictions of potential long-term groundwater impacts
associated with tank waste retrieval and closure activities for WMA C. The groundwater
contaminant concentrations used for the retrieval leak impact graphs were derived directly from
the modeling output data from the RPP-13774 analysis.

Flow and transport were simulated in the RPP-13774 analysis using two-dimensional
cross-sectional models. The cross-sections extended laterally to the tank farm fenceline and
vertically downward through the vadose zone into the upper portion of the underlying aquifer.
The simulations all assumed a final closure barrier was in place by 2050. The barrier was
assumed to function at its design estimate recharge rate (0.5 mm/yr) for 500 years, after which
recharge was assumed to increase to 3.5 mm/yr. The simulated cross-sectional groundwater
concentrations were distributed uniformly along the length of the downgradient WMA C
boundary. The simulations were carried out for a 10,000-year assessment period (i.e., from the
year 2000 to the year 12000). The base case simulation results indicated the peak groundwater
concentrations from retrieval leaks would arrive at the WMA C downgradient fenceline in the
year 2082.

The RPP-13774 transport simulations were performed for the following four types of
contaminant sources within WMA C:

* Past leaks from tanks
* Past leaks from ancillary equipment (i.e., past pipe leaks)
* Potential leaks during waste retrieval
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* Residual waste remaining in tanks and ancillary equipment.

A total of 14 individual simulation cases were included in the analysis. Each case described the
behavior of seven surrogate contaminants of varying distribution coefficients under variable
waste release modes for the selected sources. The simulations were all performed using a unit
source inventory (i.e., 1 Ci or kg). The contaminants simulated represented seven different
measures of contaminant mobility through the use of distribution coefficients (Kd = 0, 0.01, 0.03,
0.1, 0.3, 0.6, and 1.0 mL/g). By using a range of distribution coefficients, the analysis examined
a wide variety of contaminants by applying the appropriate inventory and decay rate to the unit
results for the contaminant of interest. The indicator contaminants for the current evaluation
(technetium-99, hexavalent chromium, nitrite) were all assigned to the highly mobile
(Kd = 0 mL/g) surrogate contaminant group.

Table 7-2 shows the RPP-13774 unit-source simulation results for the highly mobile
(Kd = 0 mL/g) contaminant group in the retrieval leak source term. The values shown are the
predicted peak contaminant concentrations in groundwater at the downgradient WMA C
fenceline from release of 1 Ci of radionuclide or 1 kg of chemical. The retrieval leak impact
graphs were generated by multiplying the simulated unit-source results by the retrieval leak
inventory to obtain an estimate of peak groundwater concentration (Equation 7-1).

Table 7-2. Mobile Contaminant (Kd = 0 mL/g) Unit Inventory
Simulation Results for Waste Management Area C

Retrieval Leak Source Term.

Peak Groundwater Time of Peak
Contaminant Concentration at WMA C Units (Yr AD)

Fenceline*

Radionuclide 8.4E+01 pCi/L 2082

Chemical 8.4E-05 mg/L 2082

WMA = waste management area.

* Addendum C1, Figure 9, from RPP-13774, 2004, Single-Shell Tank System Closure Plan, Rev. 2,
CH2M HILL Hanford Group, Inc., Richland, Washington.

7.1.1.4. Exposure Scenarios. Human health impacts were generated and displayed on the
retrieval leak impact graphs for an industrial and a residential exposure scenario, consistent with
the requirements in HFFACO Appendix I. Both scenarios are based on scenarios described in
DOE/RL-91-45, Hanford Site Risk Assessment Methodology. The health effects conversion
factors for both scenarios are shown in Table 7-3 for the three indicator contaminants.
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Table 7-3. Groundwater Unit Health Effects Factors for
Industrial and Residential Exposure Scenarios.

Contaminant Units Industrial a Residential b

Technetium-99 ILCR per pCi/L 1.38E-08 3.36E-07

Hexavalent chromium HI per mg/L 3.88E+00 2.34E+01

Nitrite HI per mg/L 9.89E-02 6.36E-01

HI = hazard index.
ILCR = incremental lifetime cancer risk.
a Source: HNF-SD-WM-TI-707, Tables 22 and 23.
b Source: HNF-SD-WM-TI-707, Tables 26 and 27.
HNF-SD-WM-TI-707, 2004, Exposure Scenarios and Unit Dose Factors for the Hanford Tank Waste Performance
Assessment, Rev. 4, CH2M HILL Hanford Group, Inc., Richland, Washington.

The conversion factors shown in Table 7-3 were taken from tables provided in
HNF-SD-WM-TI-707. For technetium-99, the conversion factors provide the lifetime cancer
morbidity risk per unit concentration in the groundwater. For hexavalent chromium and nitrite,
the conversion factors provide the noncarcinogenic chemical HI per unit concentration in the
groundwater. The factors were applied to the retrieval leak impact calculations as shown in
Equation 7-1.

The industrial scenario represents 20 years of occupational exposure in an industrial setting.
The receptor is an individual whose work activity is primarily indoors but also includes outdoor
activities such as building and grounds maintenance. Contaminants enter the worker primarily
through use of groundwater for drinking water and showering. External exposure to irrigated
soil and soil inhalation are also included.

The residential scenario represents 30 years of exposure in a residential setting. The receptor is
an individual who resides on the land, grows fruits and vegetables, and raises livestock and
poultry for personal consumption. Contaminants enter the receptor through use of groundwater
for domestic needs (drinking, cooking, and showering); for irrigation (ingestion of produce, soil,
and water; inhalation of soil and water; and external exposure); and for watering livestock
(ingestion of meat, poultry, and dairy products).

Uncertainty in the exposure scenarios contributes to the overall uncertainty in long-term risk
predictions. To address uncertainty, exposure scenario parameters are generally biased to yield
higher exposure and risk values. Inputs to the scenario unit risk factors that could contribute to
exposure scenario uncertainty include the various models used (e.g., food chain model,
toxicokinetic model) and model parameters (e.g., food chain transfer factors, exposure factors,
dose factors, risk factors). Complete descriptions of the exposure scenario parameters,
assumptions, and unit risk factor calculations can be found in HNF-SD-WM-TI-707.
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7.1.2 Retrieval Leak Impact Analysis Results

Tank-specific retrieval leak impact graphs generated using the methodology described above are
provided in Appendices A through E for tanks C-102, C-104, C-107, C-108, and C- 112,
respectively. Three graphs, one for each indicator contaminant, are provided for each tank.
An example calculation is also provided to illustrate how the formula given in Equation 7-1 was
applied in generating the graphs.

7.1.3 Waste Management Area C Risk Assessment

This section provides information to allow the potential retrieval leak impacts from the
individual tanks to be placed in the context of the potential impacts from the C tank farm as a
whole. The information presented was summarized from the WMA C risk assessment results
presented in RPP-13774.

Sections 7.1.3.1 through 7.1.3.3 summarize the RPP-13774 analysis results by source term in
terms of the projected peak impacts at the WMA C downgradient fenceline from potential
retrieval leaks, residual waste, and past leaks.

The RPP-13774 risk assessment was a first-iteration risk assessment developed to show the
current understanding of the risks associated with waste retrieval and closure activities for
WMA C. The RPP-13774 analysis contained significant limitations and uncertainties.
To address these uncertainties, the parameters used for the analysis were in general biased to
yield higher risk values. The RPP-13774 analysis provides a list of the uncertainties associated
with the risk assessment and how each uncertainty could impact the assessment results. It is
expected that as waste retrieval from the C farm 100-series tanks progresses, new information
will become available that could reduce the uncertainties presented in RPP-13774.

7.1.3.1. Potential Retrieval Leaks. Potential WMA C retrieval leak impacts are summarized in
Table 7-4 from the results of the base case analysis presented in RPP-13774. The table shows
the predicted peak groundwater concentration, radiological ILCR, nonradiological ILCR, and
noncarcinogenic chemical HI for the indicator contaminants at the downgradient fenceline from
the WMA C retrieval leak source term.

The retrieval leak source term was simulated in the RPP-13774 analysis based on a hypothetical
8,000-gal. retrieval leak from each of the twelve C farm 100-series tanks. The four C farm
200-series tanks were assumed not to leak during waste retrieval. A sensitivity case with a larger
retrieval leak volume was also included.
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Table 7-4. Peak Impacts at the Waste Management Area C Fenceline from Potential Retrieval Leaks. a

Incremental Lifetime d

Contaminant Time of Peak Cancer Risk' Hazard Index Groundwater Drinking Water
(Yr AD) bConcentration Standard (MCL)Industrial Residential Industrial Residential

Technetium-99 2082 5.7E-06 1.4E-04 NA NA 420 pCi/L 900 pCi/L

Hexavalent chromium 2082 1.7E-07 3.8E-07 2.8E-02 1.5E-01 0.0064 mg/L 0.1 mg/L f

Nitrite 2082 NA NA 2.6E-02 1.7E-01 0.26 mg/L 3.3 mg/L g

Total radiological 2082 6.5E-06 1.4E-04 NA NA NA NA

Total nonradiological 2082 1.7E-07 3.8E-07 6.7E-02 4.2E-01 NA NA

EPA = U.S. Environmental Protection Agency.
MCL = maximum contaminant level.
NA =not applicable.
a Potential retrieval leaks evaluated in RPP-13774 are based on sluicing with raw water.
b Source: RPP-13774, Addendum Cl, Tables 36 and 37.
'Source: RPP-13774, Addendum Cl, Table 36.
d Source: RPP-13774, Addendum Cl, Table 37.
' Source: RPP-13774, Addendum Cl, Table 38.
fThe MCL for chromium is for total chromium. No MCL for hexavalent chromium has been published by EPA.
g Concentration for nitrite reported as the ion. The MCL for nitrite reported as nitrogen is 1 mg/L.
RPP-13774, 2004, Single-Shell Tank System Closure Plan, Rev. 2, CH2M HILL Hanford Group, Inc., Richland, Washington.
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The retrieval leak inventories used for the RPP-13774 analysis were generated with the Hanford
Tank Waste Operations Simulator (HTWOS) model assuming a raw water sluicing scenario.
Retrieval leak inventories for a DST supernate sluicing scenario were not assessed in the
RPP-13774 analysis. For this retrieval work plan, retrieval leak inventories for a DST supernate
sluicing scenario were estimated using retrieval leak concentrations as specified in Appendix A,
B, C, D, and E of this document. These inventories are shown as reference points on the
retrieval leak impact graphs presented in the appendices. Comparison tables showing the DST
supernate inventories and the RPP-13774 raw water inventories are also presented in the
appendices. Because human health impacts are proportional to source inventory, the tables
provide an indication of potential differences in impacts between the two sluicing scenarios.
Generally, the estimated DST supernate inventories were two to eight times higher than the
corresponding raw water inventories. In several cases, the DST supernate leak inventories were
approximately the same as or slightly lower than the raw water leak inventories. The single
biggest difference was in tank C-102 which has a low starting inventory of technetium-99, where
the DST supernate technetium-99 inventory was two orders of magnitude higher than the raw
water technetium-99 inventory and exceeded the current tank C-102 technetium-99 inventory.

The RPP-13774 base case simulation results indicate the peak groundwater concentrations from
retrieval leaks would occur at the WMA C downgradient fenceline in the year 2082.
Groundwater concentrations were calculated as cumulative fenceline average concentrations
over the entire downgradient length of the WMA C fenceline. The peak groundwater
concentrations from retrieval leaks were projected to overlap in time and be additive with the
peak groundwater concentrations from past leaks but were not projected to be additive with the
peaks from residual waste.

The RPP-13774 retrieval leak assessment results shown in Table 7-4 included an 8,000-gal.
retrieval leak from tank C-106. Subsequent to the completion of the RPP-13774 analysis, a
waste retrieval campaign was completed for tank C-106 using modified sluicing and acid
dissolution. No leakage from tank C-106 was detected during that campaign. Results of a tank
C-106 post-retrieval risk assessment are reported in RPP-20577, Stage IIRetrieval Data Report
for Single-Shell Tank 241-C-106.

7.1.3.2. Residual Waste. Potential WMA C residual tank waste impacts are summarized in
Table 7-5 from the results of the base case analysis presented in RPP-13774. The table shows
the predicted peak groundwater concentration, radiological ILCR, nonradiological ILCR, and
noncarcinogenic chemical HI for the indicator contaminants at the downgradient fenceline from
the WMA C residual tank waste source term.

The RPP-13774 simulation results indicate the peak groundwater concentrations from residual
tank waste would arrive at the fenceline approximately 3,600 years after closure (in the year
5614). The peak groundwater concentrations from residual tank waste were not projected to
overlap in time or be additive with the peak groundwater concentrations from retrieval leaks or
past leaks.
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Table 7-5. Peak Impacts at the Waste Management Area C Fenceline from Potential Residual Tank Waste.

Incremental Lifetime
Time of Peak Cancer Risk b Hazard Index Groundwater Drinking Water

Contaminant (Yr AD) ' Concentration d Standard
Industrial Residential Industrial Residential (MCL)

Technetium-99 5610 9.0E-07 2.2E-05 NA NA 66 pCi/L 900 pCi/L

Hexavalent chromium 5614 2.8E-08 6.3E-08 4.5E-03 2.5E-02 0.001 mg/L 0.1 mg/LC

Nitrite 5614 NA NA 3.4E-03 2.2E-02 0.034 mg/L 3.3 mg/L f

Total radiological 5614 1.OE-06 2.3E-05 NA NA NA NA

Total nonradiological 5614 2.8E-08 6.3E-08 9.4E-03 5.7E-02 NA NA

EPA = U.S. Environmental Protection Agency.
MCL = maximum contaminant level.
NA =not applicable.

a Source: RPP-13774, Addendum C1, Tables 30 and 31.
b Source: RPP-13774, Addendum C1, Table 30.
c Source: RPP-13774, Addendum Cl, Table 31.
d Source: RPP-13774, Addendum Cl, Table 38.
'The MCL for chromium is for total chromium. No MCL for hexavalent chromium has been published by EPA.
fConcentration for nitrite reported as the ion. The MCL for nitrite reported as nitrogen is 1 mg/L.
RPP-13774, 2004, Single-Shell Tank System Closure Plan, Rev. 2, CH2M HILL Hanford Group, Inc., Richland, Washington.
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The base case residual waste simulations used a diffusion-dominated release model for 360 ft3

and 30 ft3 of post-retrieval residual tank waste in the twelve C farm 100-series tanks and four
C farm 200-series tanks, respectively. The residual waste inventories were estimated using the
selective phase removal method, which takes into account removal of selected phases of waste
(e.g., sludge, supernate) during retrieval. Groundwater concentrations were calculated as
cumulative fenceline average concentrations over the entire downgradient length of the WMA C
fenceline.

The nature and amount of waste left in WMA C ancillary equipment and pipelines is unknown.
The RPP-13774 analysis included an assumed inventory for the waste in these components to
show their expected relative contribution to the total WMA C impacts. Waste in the ancillary
equipment tanks (244-CR vault and C-301 catch tank) was assumed to be retrieved to a residual
volume proportional to that required under the HFFACO for the 200-series tanks. The ancillary
equipment tanks are smaller than the 200-series tanks and the ancillary tank residual volume was
calculated by multiplying the 200-series tanks residual volume goal (30 ft3 ) by the ratio of the
volume of the ancillary equipment tank to the 200-series tanks (55,000 gal.). Currently, there is
no BBI inventory associated with these ancillary tanks. Ancillary tank residual inventories were
calculated as the product of the residual volume and the averaged contaminant-specific
concentration from the combined contents of the C farm 100- and 200-series tank solids.

The WMA C piping system comprises multiple layers of waste transfer piping that were installed
over time within WMA C. An estimated total volume of 1,000 ft of waste transfer piping was
assumed for the RPP-13774 analysis. To estimate a residual waste inventory related to the
piping system, 25% of the pipe (250 ft3) was assumed to be plugged and filled with residual
solids. Currently, there is no BBI inventory associated with the ancillary piping components.
Contaminant concentrations in the residual solids were calculated from the combined contents of
the C farm 100- and 200-series tank waste solids.

The impacts shown in Table 7-5 are for residual tank waste and do not include the contributions
from residual waste in WMA C ancillary equipment and pipelines. The residual waste in those
components was estimated to cause a small increase to the impacts shown in Table 7-5.
For example, for the industrial scenario, the total radiological ILCR increased to 1.1 x 10-6, the
total nonradiological ILCR increased to 3.1 x 10-8, and the total HI increased to 1.0 x 10-2
The RPP-13774 analysis indicated the peak impacts from ancillary tank residuals would arrive
coincident with the peak from SST residuals (in the year 5614) and the peak from piping system
residuals would arrive approximately 700 years earlier than the peak from SST residuals.

The diffusion-dominated residual waste release model used in the base case simulations was
representative of a stabilized, grouted waste form. Additional sensitivity cases were simulated
using an advection-dominated residual waste release model representative of an unstabilized
waste form covered with backfill sand and gravel or failed grout. Peak groundwater
concentrations for the advection-dominated release model were projected to arrive at the
WMA C fenceline approximately 1,000 years earlier (in the year 4653) and be approximately an
order of magnitude higher than the peaks for the base case diffusion-dominated release model.

Subsequent to the completion of the RPP-13774 analysis, a waste retrieval campaign was
completed for tank C-106 using modified sluicing and acid dissolution. No leakage from
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tank C-106 was detected during that retrieval campaign. Results of a tank C-106 post-retrieval
risk assessment based on samples collected from the residual waste remaining in tank C-106
following the retrieval campaign are reported in RPP-20577. The RPP-20577 analysis results
indicate that the impacts from tank C-106 residual waste would be a factor of four lower than the
corresponding impacts calculated in the RPP-13774 analysis.

7.1.3.3. Past Leaks. WMA C past leak impacts are summarized in Table 7-6 from the results of
the base case analysis presented in RPP-13774. The table shows the predicted peak groundwater
concentration, radiological ILCR, nonradiological ILCR, and noncarcinogenic chemical HI for
the indicator contaminants at the downgradient fenceline from the WMA C past leak source
term.

The RPP-13774 base case simulation results indicate the peak groundwater concentrations from
past leaks would arrive at the WMA C downgradient fenceline in the year 2092 for past tank
leaks and the year 2117 for past ancillary equipment leaks. The past leaks source term was based
on vadose zone contamination associated with past UPRs in the vicinity of tank C-105 and three
ancillary pipelines (UPR-200-E-8 1, UPR-200-E82, UPR-200-E-86). Other reported unplanned
ancillary equipment releases in WMA C were considered but disregarded in the RPP-13774
analysis because they were determined not to represent significant sources of contamination
compared to the sources analyzed. Table 5 in Addendum CI of RPP-13774 lists sources
included in the WMA C risk assessment conceptual model. This same table indicates whether
the source was included in the risk assessment itself and, if not included, the reason why.
Three UPRs that occurred in the general area of the five SSTs whose retrieval is described in this
plan were not included in the risk assessment. These are UPR-200-E-16, UPR-200-E-118, and
UPR-200-E-136. (Depending on future sampling or closure decisions, these UPRs may be
included in future C farm risk assessments.) The reasons given in Table 5 of RPP-13774,
Addendum CI of why UPRs were not included in the risk assessment are:

* UPR-200-E-16 - A small (approximately 50-gal.) overground transfer line leak near the
north side of tank C-105. This UPR was not included in the risk analysis because its
limited volume was significantly less than that in three other UPRs that were included.

* UPR-200-E-118 - An airborne release from tank C-107. This UPR was not included in
the risk analysis because it was an airborne release that did not result in significant soil
contamination.

* UPR-200-E-136 - A reported 24,000-gal. leak from tank C-101. (The same UPR also
includes a reported 400 gal. leak from tank C-203). This UPR was not included in the
risk analysis because this reported leak has not been verified through either geophysical
logging or sampling in the vadose zone and/or groundwater (see footnote 4 from Table 5
of RPP-13774, Addendum Cl for a more detailed explanation).
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Table 7-6. Peak Impacts at the Waste Management Area C Fenceline from Past Leaks.

Incremental Lifetime Hazard Index Drinking
Contaminant Time of Peak Cancer Riskb Groundwater Water

Cnaiat(Yr AD) aConcentration Standard
Industrial Residential Industrial Residential (MCL)

Technetium-99 2117 6.9E-06 1.7E-04 NA NA 497 pCi/L 900 pCi/L

Hexavalent chromium 2117 1.1E-07 2.4E-07 1.7E-02 9.7E-02 0.004 mg/L 0.1 mg/L

Nitrite 2117 NA NA 1.4E-02 9.1E-02 0.14 mg/L 3.3 mg/L f

Total radiological 2117 8.1E-06 1.8E-04 NA NA NA NA

Total nonradiological 2117 1.1E-07 2.4E-07 3.3E-02 2.OE-01 NA NA

EPA = U.S. Environmental Protection Agency.
MCL = maximum contaminant level.
NA = not applicable.
a Source: RPP-13774, Addendum Cl, Tables 33 and 34.
b Source: RPP-13774, Addendum C1, Table 33.

c Source: RPP-13774, Addendum Cl, Table 34.
d Source: RPP-13774, Addendum C1, Table 38.
'The MCL for chromium is for total chromium. No MCL for hexavalent chromium has been published by EPA.
fConcentration for nitrite reported as the ion. The MCL for nitrite reported as nitrogen is 1 mg/L.
RPP-13774, 2004, Single-Shell Tank System Closure Plan, Rev. 2, CH2M HILL Hanford Group, Inc., Richland, Washington.



RPP-22393, Rev. 7

Although the peak from the past tank leak was projected to arrive ahead of the peak from the
unplanned pipeline releases by approximately 26 years, the contributions from these sources
were summed and reported as a single peak arriving in the year 2117. Groundwater
concentrations were calculated as cumulative fenceline average concentrations over the entire
downgradient length of the WMA C fenceline. The peak groundwater concentrations from past
leaks were projected to overlap in time and be additive with the peak groundwater concentrations
from retrieval leaks but were not projected to be additive with the peaks from residual waste.
The peak from retrieval leaks was projected to arrive in 2082 compared with 2092 for the past
tank leak. This occurred because the retrieval leak volume used in the RPP-13774 analysis was
8,000 gal. whereas the past leak (tank C-105) volume was 1,000 gal. An 8,000-gal. volume has a
greater driving force and lower tendency to spread laterally in the vadose zone than a 1,000-gal.
volume.

Transport of existing vadose zone contamination was simulated in the RPP-13774 analysis based
on water flow from natural recharge only (i.e., surface infiltration of meteoric water). The effect
on existing contamination of artificial recharge, such as a retrieval leak or water line leak, was
not evaluated. Should the fluid released in a retrieval leak intercept an existing vadose zone
plume, there is a potential for the contamination to be flushed more quickly to the water table.
The effect of the flushing on peak groundwater concentration and arrival time would depend on a
number of factors, including initial plume depth and the rate, volume, and location of the
retrieval leak. There is no potential for a retrieval leak to affect the movement of contamination
from the three unplanned pipeline releases included in the WMA C risk assessment
(UPR-200-E-81, UPR-200-E-82, UPR-200-E-86). These releases all occurred along the
southwest boundary of WMA C, well away from the nearest tank row. There is a potential for a
retrieval leak to affect the movement of the existing vadose zone contamination in the vicinity of
tank C-105. If this were to occur, the WMA C past leak impacts could differ from the projected
impacts shown in Table 7-6, which were calculated assuming meteoric infiltration.

Seven C farm tanks (C-101, C-1 10, C-111, and the four C-200-series tanks) are currently
classified as assumed leakers in HNF-EP-0182 (see Figure 4-1). However, the past leak source
term modeled in the RPP-13774 risk assessment included only leaks and discharges that have
been verified either through geophysical logging or sampling in the vadose zone and/or
groundwater.

Spectral gamma logging data reported in RPP-14430 shows little evidence of vadose zone
contamination consistent with a tank leak in the vicinity of the tanks classified as leakers in
HNF-EP-0182. Although no leaks have been reported from tank C-105, there is contamination
reported in the vadose zone from routine geophysical monitoring between this tank and
tank C-104. The measured vadose zone contamination in the vicinity of tank C-105 was
therefore included in the RPP-13774 risk assessment, along with the measured vadose zone
contamination associated with three verified leaks from ancillary equipment associated with
WMA C. Additional information on WMA C vadose zone contamination can be found in
RPP-14430; RPP-15317, 241-C Waste Management Area Inventory Data Package;
GJPO-HAN-18; and GJO-98-39-TARA GJPO-HAN-18, Vadose Zone Characterization Project
at the Hanford Tank Farms, Addendum to the C Tank Farm Report. Additional perspective on
the integrity of tanks in WMA C can be found in RPP-10435.
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7.2 INTRUDER RISK

Inadvertent waste site intrusion risk is an assessment of the health impacts from unknowingly
intruding into a waste site at some point in the future following closure. Intruder impact
estimates are included in this work plan to provide perspective on potential post-closure risks
associated with closing tanks C-102, C-104, C-107, C-108, and C- 112 assuming waste is
retrieved to the HFFACO interim retrieval goal of 360 ft3 of residual waste and the residuals are
closed in place (Ecology et al. 1989).

Inadvertent intruder impacts were analyzed using the same methodology used to analyze
WMA C intruder impacts in DOE/ORP-2003-1 1, Preliminary Performance Assessmentfor
Waste Management Area C at the Hanford Site, Washington. That report uses exposure
scenarios defined in HNF-SD-WM-TI-707 and is based on intruder analyses presented in earlier
Hanford Site performance assessments (WHC-EP-0645, Performance Assessmentfor the
Disposal ofLow-Level Waste in the 200 West Area Burial Grounds; WHC-EP-0875,
Performance Assessment for the Disposal ofLow-Level Waste in the 200 East Area Burial
Grounds; DOE/RL-97-69, Hanford Immobilized Low-Activity Tank Waste Performance
Assessment; DOE/ORP-2000-24, Hanford Immobilized Low-Activity Waste Performance
Assessment: 2001 Version).

7.2.1 Intruder Scenarios and Performance Objectives

The DOE/ORP-2003-11 analysis includes several inadvertent intrusion scenarios, all of which
assume that no institutional memory of the closed facility remains following closure.
The credible post-closure intrusion scenarios identified are:

* An intruder who inadvertently drills into the closed site and brings some of the waste to
the surface, receiving an acute dose (driller scenario).

* A post-drilling resident who lives where waste has been exhumed and scattered over the
surface, receiving a chronic dose (post-intrusion residential scenarios). Three such
residential scenarios were included:

- Suburban resident with a garden
- Rural farmer with a dairy cow
- Commercial farmer.

Detailed descriptions of the scenarios are presented in DOE/ORP-2003-11 and
HNF-SD-WM-TI-707. A basement scenario, in which exposure occurs during excavation for a
basement or building foundation, is not considered credible in DOE/ORP-2003-11 and is not
analyzed. This is because the top of the waste is 35 ft or more below the surface and neither
basements for home residences nor foundations for commercial structures are likely to extend
this far below the surface.

The performance objective identified in DOE/ORP-2003-11 for the driller scenario is 500 mrem
effective dose equivalent for a one-time exposure. The performance objective for the
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post-intrusion residential scenarios is 100 mrem/yr effective dose equivalent for a continuous
exposure. Doses are calculated at 100-year intervals from 0 to 1,000 years after closure.
The time of compliance (or soonest time when the intrusion was assumed to occur) for the
DOE/ORP-2003-11 analysis is 500 years after closure and closure is assumed to occur in the
year 2050.

7.2.2 Methodology

The main elements of the intruder calculation method used for this analysis can be summarized
as follows:

* Use a time of compliance of 500 years after closure (consistent with DOE/ORP-2003-1 1)

* Use radiological dose as the health impact metric

* Calculate acute dose using the driller scenario

* Calculate chronic dose using the suburban resident with a garden and rural farmer with a
dairy cow scenarios

* Assume the borehole diameter is 6.5 in. for well driller and suburban resident with a
garden and 10.5 in. for rural farmer with a dairy cow

* Assume the tanks each contain a volume of 360 ft3 of residual waste at closure

* Assume the residual tank waste is embedded in a grout matrix that renders a fraction of
the exhumed waste unavailable for inhalation and ingestion

* Assume intrusion occurs before contaminants have migrated from the closed facility in
any significant quantity.

The commercial farmer scenario was disregarded for this analysis. The commercial farmer is
identified in the DOE/ORP-2003-11 analysis as the most likely exposure scenario given the
present day land use in the Hanford environs; however, the DOE/ORP-2003-11 analysis uses the
rural farmer with a dairy cow for purposes of assessing compliance with performance objectives.
The rural farmer with a dairy cow is more conservative than the commercial farmer but less
conservative than the suburban resident with a garden. The DOE/ORP-2003-11 analysis
considers a rural farmer with a dairy cow a more appropriate scenario for assessing performance
than a suburban resident with a vegetable garden. The DOE/ORP-2003-11 analysis results
indicate the commercial farmer dose would be a factor of 50 below that of the rural farmer with a
dairy cow. Both the suburban resident with a garden scenario and the rural farmer with a dairy
cow scenario are evaluated in this tank waste retrieval work plan.

Sections 7.2.2.1 and 7.2.2.2 discuss the calculation methodology for the two primary components
of the intruder calculation, inventory, and dose. Tank-specific results for tanks C-102, C-104,
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C-107, C-108, and C-112 are provided in Appendices A through E, respectively. Calculation
detail is provided in RPP-22392.

7.2.2.1. Inventory. The starting inventories for the intruder calculation were the estimated
radionuclide inventories remaining in the tanks following retrieval to the HFFACO interim
retrieval goal of 360 ft3 of residual waste. These inventories were taken from RPP-15317 and
are based on the selective phase removal inventory estimation method. Inventories for all
46 radionuclides reported in the BBI are provided in RPP-153 17 and were used in the
calculation. Tank-specific residual waste starting inventories are given in the appendices.

Exhumed inventories were calculated by assuming the waste in the borehole has the same
contaminant concentrations as the tank residuals, and that the height of the waste in the borehole
is the same as the height of the waste in the tank residuals. Using these assumptions, the
undecayed exhumed inventories for each radionuclide were estimated by multiplying the tank
residual inventory by the square of the ratio of the borehole radius to the tank radius.
The mathematical basis for this is shown in Equations 7-2 through 7-5.

IEX/ VEX = IT/VT (7-2)

IEX /(n rh)= IT/ (n R2 h) (7-3)

IEX =IT (n r2 h)/ (n R2 h) (7-4)

IEX =IT (r / R)2 (7-5)

Where:

IEX = exhumed inventory (undecayed) (Ci)
IT = tank residual inventory (Ci)
VEX = exhumed volume (m3 )

VT = tank residual volume (m3)
r = borehole radius (m)
R = tank radius (m)
h = waste height (m).

To account for radiological decay, the exhumed inventory was multiplied by a radiological decay
factor, as shown in Equation 7-6.

IEX(t) = lEx Exp(-Xt) (7-6)

Where:

IEX(t) = exhumed inventory decayed as a function of time (Ci)

IEX = exhumed inventory (undecayed) (Ci)

Exp = exponential function (natural logarithm base (e) raised to some power)
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X = radioactive decay constant, per year, calculated as ln(2)=0.6931 divided by the
radionuclide half life in years

t = elapsed time since closure in years.

7.2.2.2. Dose. For each intruder scenario considered, the dose contribution from each
radionuclide was calculated by multiplying the exhumed inventory (decayed) by a unit dose
factor. The total dose for each scenario was then calculated as the sum of the dose contributions
from all radionuclides included in the starting inventory. Unit dose factors for each radionuclide
under each intruder scenario were taken from HNF-SD-WM-TI-707. Unit dose factors for the
subset of radionuclides that drive intruder doses are shown in Table 7-7. Complete intruder
scenario descriptions and unit dose factor calculations are provided in HNF-SD-WM-TI-707.

Table 7-7. Unit Dose Factors for
Inadvertent Intruder Scenarios. a

Driller Suburban Resident Rural Farmer with

Radionuclide (mrem per with a Garden a Dairy Cow

C/g) b (mrem/yr per Ci (mrem/yr per Ci
Cilkg) exhumed) b exhumed) b

Strontium-90+D 8.12E+04 3.59E+03 9.73E+01

Technetium-99 5.66E+02 5.06E+02 2.54E+00

Tin-126+D 3.09E+07 9.66E+03 3.86E+02

Cesium-137+D 8.78E+06 3.13E+03 1.25E+02

Plutonium-239 3.86E+05 7.02E+02 1.21E+01

Plutonium-240+D 3.86E+05 7.02E+02 1.21E+01

Americium-241 5.83E+05 7.60E+02 1.41E+01

+D = includes short-lived radioactive progeny in secular equilibrium with parent nuclide.
a Tables 7, 8, and 10 of HNF-SD-WM-TI-707, 2004, Exposure Scenarios and Unit Dose Factorsfor
the Hanford Tank Waste Performance Assessment, Rev. 4, CH2M HILL Hanford Group, Inc.,
Richland, Washington.
b Values shown are total dose (sum of internal and external dose) after reducing internal dose by
90% to account for the waste form.

The total dose factors (sum of internal and external doses) given in HNF-SD-WM-TI-707 for the
driller scenario assume 100% of the exhumed waste is available for inhalation and ingestion.
The residual waste grout matrix is assumed to prevent a fraction of the exhumed inventory from
being inhaled or ingested. Internal dose factors used in this calculation were therefore reduced
by 90% (multiplied by 0.1) to account for the grouted waste form, as recommended in
HNF-SD-WM-TI-707.

The driller scenario unit dose factors are given in terms of the dose per unit contaminant
concentration in the drill cuttings (mrem per Ci/kg) (Table 7-7). The radiation dose to this
individual is the dose (effective dose equivalent) from acute exposure over a 40-hour drilling
operation. The driller dose factors were multiplied by the average radionuclide concentration in
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the drill cuttings (Ci/kg) to obtain the dose. The average radionuclide concentrations in the drill
cuttings were calculated by dividing the exhumed inventories (decayed) by the mass exhumed.
The mass exhumed was calculated using Equation 7-7.

MEX = n r2 h p (7-7)

Where:

MEX = exhumed mass (kg)
r = borehole radius (m)
h = borehole height (depth to water table) (m)

p = average density of well cuttings (kg/m3 ).

As for the driller scenario, the total dose factors (sum of internal and external doses) given in
HNF-SD-WM-TI-707 for the two post-intruder resident scenarios (suburban resident with a
garden and rural farmer with a dairy cow) were adjusted downward to account for a grout matrix
by applying a waste form factor of 0.1 to the internal dose factors.

The post-intruder resident scenario unit dose factors are given in terms of the dose received
during the first year per curie exhumed (mrem/yr per Ci) (Table 7-7). The radiation dose to this
individual is the 50-year committed effective dose equivalent from the first year of exposure.
The post-intruder dose factors were multiplied by the curies exhumed (decayed) to obtain the
dose.

The post-intruder dose factors consider the decrease in soil concentration during the year due to
radioactive decay and leaching from irrigation (HNF-SD-WM-TI-707). Irrigation is assumed to
occur only during the first half of the year. External exposure, soil ingestion, and soil inhalation
occur only during the irrigation period, with none during the second half of the year. Vegetables,
fruit, and grain in the suburban resident with a garden scenario and animal fodder (hay and grain)
in the rural farmer with a dairy cow scenario are assumed to be harvested throughout the
irrigation season. To represent this, harvest is assumed to occur midway through the irrigation
season (at 0.25 year). Plant concentrations are proportional to soil concentrations at this time.

7.2.3 Intruder Analysis Results

Tank-specific intruder impacts generated using the methodology described above are provided in
Appendices A through E for tanks C-102, C-104, C-107, C-108, and C- 112, respectively.
Each appendix provides total dose values for the driller, suburban resident with a garden, and
rural farmer with a dairy cow intrusion scenarios, along with the radionuclide-specific dose
contributions from the radionuclides that dominate the total dose.

7-23



RPP-22393, Rev. 7

8.0 LESSONS LEARNED

A comprehensive lessons-leamed effort was completed to meet the requirements of RPP-10901,
S-102 Initial Waste Retrieval Functions and Requirements. RPP-10901 summarizes lessons
learned from the Hanford Site, DOE, and general industries applicable to waste retrieval from
underground storage tanks. Additionally, lessons learned from RPP-18629, Performance
Evaluation for C-106, S-102/112 and C-200 Series Tank Retrieval Activities, were reviewed.
The lessons learned identified in RPP-10901 and RPP-18629 were reviewed and the following
have been incorporated into the tanks C-102, C-104, C-107, C-108, and C- 112 system design:

* Select equipment materials compatible with the environmental conditions of their
intended application to minimize failures resulting from corrosion, stress, and exposure to
radiation. Provide adequate temperature controls (e.g., heat tracing, air conditioning) to
ensure equipment performs as designed. Select radiation resistance sealants and gaskets.

* Cold test all fluid connections and components before deployment to ensure leak
tightness.

* Incorporate features to flush components that transport slurries to prevent/correct
blockages. Design the features to operate with minimal changes to the system and
operator intervention.

* Design systems to facilitate maintenance and support functions while incorporating safety
and ALARA features.

* Provide access to instrumentation and other components requiring servicing and
maintenance that does not require breaching the confinement system.

* Simplify system control screens to maximize operator efficiency and recognition of key
operational parameters/data.

* Incorporate features to unplug piping systems in the event of a line blockage.

* Conduct comprehensive field walkdowns before system design to validate design
assumptions and document as-found field conditions.

* Identify and specify equipment shipping, handling, and lifting requirements to facilitate
safe and efficient handling and deployment of equipment.

* Conduct comprehensive post-shipping inspections to identify equipment damage and
defects.

* Minimize the use of threaded joints in equipment design.

* Identify and obtain all spare parts required for system maintenance, and for equipment
repairs for anticipated failures.
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A1.O TANK C-102 PRE-RETRIEVAL RISK ASSESSMENT RESULTS

This appendix provides tank-specific pre-retrieval risk assessment results for tank C-102.
The information presented was developed using the methodology described in Section 7.0.
Groundwater pathway impacts are presented in Section A2.0. Inadvertent intruder impacts are
presented in Section A3.0.

A2.0 GROUNDWATER PATHWAY IMPACTS

The groundwater pathway evaluation involved the development of a set of graphical tools to
provide a basis for making informed decisions in the event a leak is detected or unexpected
retrieval conditions arise during waste retrieval operations. This section provides and discusses
the retrieval leak impact graphs generated for tank C-102. The methodology used to generate the
graphs is described in Section 7.1.1. Calculation detail for the graphs is provided in RPP-22521
Rev. 6, Tanks C-101, C-102, C-105, C-110, and C-lll Long-Term Human Health Risk
Calculations to Support Tank Waste Retrieval Work Plan.

A2.1 RETRIEVAL LEAK IMPACT GRAPHS

Figures A-I through A-3 provide the tank C-102 waste retrieval leak impact graphs for the
three indicator contaminants (technetium-99, hexavalent chromium, and nitrite) identified in
Section 7.1.1.1.
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Figure A-1. Tank C-102 Technetium-99 Risk Plot.
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Figure A-2. Tank C-102 Hexavalent Chromium Hazard Quotient Plot.
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Figure A-3. Tank C-102 Nitrite Hazard Quotient Plot.
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Figure A-I shows the peak groundwater pathway incremental lifetime cancer risk (ILCR) from
technetium-99 as a function of the amount of technetium-99 leaked from tank C-102 during
waste retrieval. Figures A-2 and A-3 show the peak groundwater pathway hazard quotient from
hexavalent chromium and nitrite, respectively, as a function of the amount of hexavalent
chromium and nitrite leaked from tank C-102 during waste retrieval.

The ILCR and hazard quotient values shown on the graphs were based on the predicted peak
groundwater concentrations at the waste management area (WMA) C downgradient fenceline.
As discussed in Section 7.1.1.3, the projected arrival time of the peaks is approximately the year
2082 based on the supporting contaminant transport analysis in RPP-13774, Single-Shell Tank
System Closure Plan. The graphs provide a retrieval leak risk picture for tank C-102 but do not
include contributions from other WMA C sources. Projected impacts from other WMA C
sources are discussed in Section 7.1.3.

Two sloped lines representing the industrial and residential scenarios were plotted on each graph.
The datapoints for these lines were calculated as described in Section 7.1.1 over a range of
technetium-99, hexavalent chromium, and nitrite values. Because potential retrieval leak
volumes are uncertain, the inventory range was selected to encompass a small leak on the low
end and a large leak on the high end. Selection of the inventory range was arbitrary and
independent of any assumption on the type of retrieval fluid used (raw water or supernate).

Vertical dashed lines were added to each graph as points of reference to show the estimated
current tank C-102 inventory and the inventory associated with a potential 8,000-gal. base case
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retrieval leak and an estimated worst case 8,000-gal. retrieval leak. The 8,000-gal. volume was a
hypothetical volume used only as a point of reference and for consistency with previous
analyses. It was not intended to represent anticipated retrieval leak volumes or leak detection
limits for tank C-102.

In the event a leak is detected during waste retrieval, the leak monitoring system would be used
to estimate the leak volume. The potential human health impacts from the leak could then be
evaluated from the leak volume and estimated contaminant concentrations in the leak along with
the graphs shown in Figures A-1, A-2, and A-3. Using the graphs, the impacts from leak
inventories greater or lesser than those shown for the 8,000-gal. reference volume can be
estimated rapidly by extrapolating from the impacts shown for the reference volume.

A2.2 INVENTORY

The reference lines shown in Figures A-1, A-2, and A-3 to indicate current inventory and
retrieval leak inventory were developed from the best available data and information.
Current inventories were taken from the best-basis inventory by downloading from the Tank
Waste Information Network System (TWINS) database (http://twinsweb.pnl.gov/twins.htm).
Retrieval leak inventories were calculated by multiplying the hypothetical retrieval leak volume
(8,000 gal.) by the estimated retrieval leak fluid concentration. Waste was assumed to be
retrieved from tank C-102 by sluicing with recycled supernate from DST AN-101. The retrieval
leak fluid concentrations for this retrieval scenario were developed using data from RPP-22521
Rev. 6 and are shown in Table A-1.

Table A-1. Tank C-102 Retrieval Leak Inventory Estimate.

Contaminant Leak Fluid Concentration * Inventory in 8,000-gal. Retrieval Leak

Technetium-99 5.84E-05 Ci/L 1.77E+00 Ci

Hexavalent Chromium 3.9E-04 kg/L 1.18E+O1 kg

Nitrite 4.59E-02 kg/L 1.39E+03 kg

* Concentrations from Table D-9 of RPP-22521, Tanks C-101, C-102, C-105, C-110, and C-111 Long Term
Waste Retrieval Work Plan

A2.3 SUMMARY OF IMPACTS FROM HYPOTHETICAL 8,000-GALLON
RETRIEVAL LEAK

The technetium-99 inventory associated with a hypothetical 8,000-gal. retrieval leak from
tank C-102 was estimated to be approximately 1.77 Ci (RPP-22521 Rev. 6). As shown in Figure
A-1, this corresponds to an ILCR of approximately 2.05 x 10-6 for the industrial scenario and
4.99 x 10-5 for the residential scenario. The peak technetium-99 groundwater concentration at
the WMA C fenceline from this retrieval leak would be approximately149 pCi/L.
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The hexavalent chromium inventory associated with a hypothetical 8,000-gal. retrieval leak from
tank C-102 was estimated to be approximately 11.8 kg (RPP-22521 Rev. 6). As shown in Figure
A-2, this corresponds to a hazard quotient of approximately 4.00 x 10-3 for the industrial scenario
and 2.30 x 10-2 for the residential scenario. The peak hexavalent chromium groundwater
concentration at the WMA C fenceline from this retrieval leak would be approximately 1.00 x
10-3 mg/L.

The nitrite inventory associated with an 8,000-gal. retrieval leak from tank C-102 was estimated
to be approximately 1390 kg (RPP-22392). As shown in Figure A-3, this corresponds to a
hazard quotient of approximately 1.15 x 10-2 for the industrial scenario and 7.40 x 10-2 for the
residential scenario. The peak nitrite groundwater concentration at the WMA C fenceline from
this retrieval leak would be approximately 1.17 x 10-1 mg/L.

A2.4 EXAMPLE CALCULATION

To illustrate the calculation method used for the retrieval leak impact graphs, the following
example is provided. The example uses the industrial scenario ILCR result of 2.05 x 10-6.

Using Equation 7-1 from Section 7.1.1, the industrial scenario ILCR was calculated as the
product of the technetium-99 inventory (Table A-1), the technetium-99 retrieval leak unit
groundwater concentration factor (Table 7-2), and the technetium-99 industrial scenario unit risk
factor (Table 7-3), as follows:

ILCR = (1.77 Ci) - (8.4 x 101 pCi/L per Ci) - (1.38 x I0-8 ILCR per pCi/L) = 1.42 x 10-6

Complete calculation details are provided in RPP-22392.

A3.0 INADVERTENT INTRUDER IMPACTS

The starting inventories for the tank C-102 intruder calculation were the estimated radionuclide
inventories remaining in the tank following retrieval to the Ecology et al. (1989), Hanford
Federal Facility Agreement and Consent Order (HFFACO) interim retrieval goal of 360 ft3 of
residual waste. These inventories were taken from RPP-15317, 241-C Waste Management Area
Inventory Data Package, and are based on the selective phase removal inventory estimation
method. Inventories for all 46 radionuclides reported in the best-basis inventory are provided in
RPP-15317 and were used in the calculation (RPP-22392). Inventories for the subset of
best-basis inventory radionuclides that were shown in DOE/ORP-2003-1 1, Preliminary
Performance Assessment for Waste Management Area C at the Hanford Site, Washington, to
dominate intruder doses at 500 years after closure are shown in Table A-2.
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Table A-2. Tank C-102 Inventory of
Dose-Driving Contaminants in

360 ft3 of Residual Waste.

Radionuclide Units Tank C-102

Strontium-90 Ci 5.06E+03

Technetium-99 Ci 1.13E-02

Tin-126 Ci 2.25E-04

Cesium-137 Ci 2.54E+02

Plutonium-239 Ci 2.88E+01

Plutonium-240 Ci 5.28E+00

Americium-241 Ci 9.87E+00

Note: Table 7-1 from RPP-15317, 2003, 241-C Waste
Management Area Inventory Data Package, Rev. 0,
CH2M HILL Hanford Group, Inc., Richland, Washington.

Table A-3 summarizes the intruder analysis results for tank C-102. These results were generated
using the methodology described in Section 7.2. Complete calculation detail is provided in
RPP-22392. Contaminant-specific doses are shown for the subset of radionuclides that dominate
the total dose. The total dose shown represents the sum of the dose contributions from all
radionuclides considered.
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Table A-3. Tank C-102 Intruder Dose.

Well Suburban Resident Rural

Radionuclide Driller with a Garden Farmer with a

(mrem EDE) (mrem/yr EDE) (mre/yr E)

Strontium-90 0.000 0.004 0.000

Technetium-99 0.000 0.000 0.000

Tin-126 0.000 0.000 0.000

Cesium-137 0.000 0.000 0.000

Plutonium-239 0.185 1.040 0.047

Plutonium-240 0.033 0.183 0.008

Americium-241 0.044 0.176 0.009

Other radionuclides 0.007 0.032 0.002

TOTAL 0.269 1.435 0.065

Note: The number of significant digits shown in Table A-3 is not intended to imply a level of
accuracy greater than the input values.
EDE = effective dose equivalent.

The dose values in Table A-3 are for intrusion at 500 years after closure assuming a
grout-stabilized residual waste volume of 360 ft3 . Table A-3 indicates that tank C-102 would not
exceed the performance objectives of 500 mrem effective dose equivalent for acute exposure and
100 mrem/yr effective dose equivalent for chronic exposure at 500 years after closure. The total
doses at 500 years after closure would be dominated by plutonium-239, plutonium-240, and
americium-24 1.
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B1.0 TANK C-104 PRE-RETRIEVAL RISK ASSESSMENT RESULTS

This appendix provides tank-specific pre-retrieval risk assessment results for tank C-104.
The information presented was developed using the methodology described in Section 7.0.
Groundwater pathway impacts are presented in Section B2.0. Inadvertent intruder impacts are
presented in Section B3.0.

B2.0 GROUNDWATER PATHWAY IMPACTS

The groundwater pathway evaluation involved the development of a set of graphical tools to
provide a basis for making informed decisions in the event a leak is detected or unexpected
retrieval conditions arise during waste retrieval operations. This section provides and discusses
the retrieval leak impact graphs generated for tank C-104. The methodology used to generate the
graphs is described in Section 7.1.1. Calculation detail for the graphs is provided in RPP-22392,
Tanks C-102, C-104, C-107, C-108, and C-112 Long-Term Human Health Risk Calculations to
Support Tank Waste Retrieval Work Plan.

B2.1 RETRIEVAL LEAK IMPACT GRAPHS

Figures B-1 through B-3 provide the tank C-104 waste retrieval leak impact graphs for the three
indicator contaminants (technetium-99, hexavalent chromium, and nitrite) identified in
Section 7.1.1.1.

Figure B-1. Tank C-104 Technetium-99 Risk Plot.
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Figure B-2. Tank C-104 Hexavalent Chromium Hazard Quotient Plot.
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Figure B-I shows the peak groundwater pathway incremental lifetime cancer risk (ILCR) from
technetium-99 as a function of the amount of technetium-99 leaked from tank C-104 during
waste retrieval. Figures B-2 and B-3 show the peak groundwater pathway hazard quotient from
hexavalent chromium and nitrite, respectively, as a function of the amount of hexavalent
chromium and nitrite leaked from tank C-104 during waste retrieval.

The ILCR and hazard quotient values shown on the graphs were based on the predicted peak
groundwater concentrations at the waste management area (WMA) C downgradient fenceline.
As discussed in Section 7.1.1.3, the projected arrival time of the peaks is approximately the year
2082 based on the supporting contaminant transport analysis in RPP-13774, Single-Shell Tank
System Closure Plan. The graphs provide a retrieval leak risk picture for tank C-104 but do not
include contributions from other WMA C sources. Projected impacts from other WMA C
sources are discussed in Section 7.1.3.

Two sloped lines representing the industrial and residential scenarios were plotted on each graph.
The datapoints for these lines were calculated as described in Section 7.1.1 over a range of
technetium-99, hexavalent chromium, and nitrite values. Because potential retrieval leak
volumes are uncertain, the inventory range was selected to encompass a small leak on the low
end and a large leak on the high end.

Vertical dashed lines were added to each graph as points of reference to show the estimated
current tank C-104 inventory and the inventory associated with a potential 8,000-gal. retrieval
leak. The 8,000-gal. volume was a hypothetical volume used only as a point of reference and for
consistency with previous analyses. It was not intended to represent anticipated retrieval leak
volumes or leak detection limits for tank C-104.

Should the retrieval plan vary from that in Section 3.1.1, the Washington State Department of
Ecology will be notified of the change via a change notice form, per Section 9.3 of the HFFACO
Action Plan. A retrieval plan variation means: (1) altering the designated DST receiver tank for
a given single-shell tank, or (2) making transfers from DSTs other than those listed in Section
3.1.1 into one of the Section 3.1.1 receiver DSTs, which will result in key indicator contaminant
concentrations in the receiver DST liquid phase greater than those specified in RPP-22392 for
the starting DST supernate concentration. If the 8,000-gal. retrieval leak risk for a revised
retrieval plan is not bounded by the impact shown in Figures B-1, B-2, and B-3, revised risk
impacts will be provided.

In the event a leak is detected during waste retrieval, the leak monitoring system would be used
to estimate the leak volume. The potential human health impacts from the leak could then be
evaluated from the leak volume and estimated contaminant concentrations in the leak along with
the graphs shown in Figures B-1, B-2, and B-3. Using the graphs, the impacts from leak
inventories greater or lesser than those shown for the 8,000-gal. reference volume can be
estimated rapidly by extrapolating from the impacts shown for the reference volume.
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B2.2 INVENTORY

The reference lines shown in Figures B-1, B-2, and B-3 to indicate current inventory and
retrieval leak inventory were developed from the best available data and information.
Current inventories were taken from the best-basis inventory by downloading from the Tank
Waste Information Network System (TWINS) database (http://twinsweb.pnl.gov/twins.htm).
Retrieval leak inventories were calculated by multiplying the hypothetical retrieval leak volume
(8,000 gal.) by the estimated retrieval leak fluid concentration. Waste was assumed to be
retrieved from tank C-104 by sluicing with recycled supernate from DST AN-101. The retrieval
leak fluid concentrations for this retrieval scenario are provided in RPP-22392.

The predicted liquid phase concentrations and resulting tank C-104 leak inventories for the DST
AN-101 recycled supernate retrieval scenario are shown in Table B-1. The table also shows leak
inventories for a raw water retrieval scenario.

Table B-1. Tank C-104 Retrieval Leak Inventory
Comparison for Different Sluicing Fluids.

Leak Fluid Concentration Inventory in 8,000-gal.
LeakFlui ConentrtionRetrieval Leak

Contaminant
Tank AN-101 Raw Water b Units Tank AN-101 Raw Water Units

Supernate Supernate

Technetium-99 1.21E-04 1.92E-05 Ci/L 3.66E+00 5.81E-01 Ci

Hexavalent 5.28E-04 4.84E-04 kg/L 1.60E+01 1.47E+01 kg

Nitrite 8.01E-02 1.21E-03 kg/L 2.43E+03 3.66E+02 kg

' From RPP-22392, 2009, Tanks C-102, C-104, C-0107, C-108 and C-112 Long-Term Human Health Risk Calculations to
Support Tank Waste Retrieval Work Plan, Rev. 2, Washington River Protection Solutions, LLC, Richland, Washington.
b Addendum Cl, Table 9 from RPP-13774, 2004, Single-Shell Tank System Closure Plan, Rev. 2, CH2M HILL Hanford
Group, Inc., Richland, Washington.

Raw water retrieval leak inventories are given in Table B-I to provide a perspective on the
potential effects on retrieval leak impacts caused by sluicing with recirculated DST supernate.
The raw water inventories shown are the inventories used for the RPP-13774 base case risk
analysis. Those inventories were based on a hypothetical 8,000-gal. retrieval leak volume and
retrieval leak fluid concentrations estimated using the Hanford Tank Waste Operations Simulator
(HTWOS) model. Because retrieval leak human health impacts are proportional to inventory,
comparing the inventory differences provides an indication of the differences in impacts between
the two sluicing fluids. Table B-I indicates raw water leak inventories would be lower than the
supernate leak inventories for technetium-99, nitrite, and hexavalent chromium.
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B2.3 SUMMARY OF IMPACTS FROM HYPOTHETICAL 8,000-GALLON
RETRIEVAL LEAK

The technetium-99 inventory associated with a hypothetical 8,000-gal. retrieval leak from
tank C-104 was estimated to be approximately 3.66E+00 Ci (RPP-22392). As shown in Figure
B-1, this corresponds to an ILCR of approximately 4.25 x 10-6 for the industrial scenario and
1.03 x 10-4 for the residential scenario. The peak technetium-99 groundwater concentration at
the WMA C fenceline from this retrieval leak would be approximately 3.08E+02 pCi/L.

The hexavalent chromium inventory associated with a hypothetical 8,000-gal. retrieval leak from
tank C-104 was estimated to be approximately 1.6E+01 kg (RPP-22392). As shown in Figure B-
2, this corresponds to a hazard quotient of approximately 5.2E-03 for the industrial scenario and
3.1E-02 for the residential scenario. The peak hexavalent chromium groundwater concentration
at the WMA C fenceline from this retrieval leak would be approximately 1.3E-03 mg/L.

The nitrite inventory associated with an 8,000-gal. retrieval leak from tank C-104 was estimated
to be approximately 2.43E+03 kg (RPP-22392). As shown in Figure B-3, this corresponds to a
hazard quotient of approximately 2.OE-02 for the industrial scenario and 1.3E-01 for the
residential scenario. The peak nitrite groundwater concentration at the WMA C fenceline from
this retrieval leak would be approximately 2.OE-01 mg/L.

B2.4 EXAMPLE CALCULATION

To illustrate the calculation method used for the retrieval leak impact graphs, the following
example is provided. The example uses the industrial scenario ILCR result of 4.25 x 10-6.
Using Equation 7-1 from Section 7.1.1, the industrial scenario ILCR was calculated as the
product of the technetium-99 inventory (Table B-1), the technetium-99 retrieval leak unit
groundwater concentration factor (Table 7-2), and the technetium-99 industrial scenario unit risk
factor (Table 7-3), as follows:

ILCR = (3.66 Ci) - (8.4 x 101 pCi/L per Ci) - (1.38 x 10-8 ILCR per pCi/L) = 4.25 x 10-6

Complete calculation details are provided in RPP-22392.
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B3.0 INADVERTENT INTRUDER IMPACTS

The starting inventories for the tank C-104 intruder calculation were the estimated radionuclide
inventories remaining in the tank following retrieval to the Ecology et al. (1989), Hanford
Federal Facility Agreement and Consent Order (HFFACO) interim retrieval goal of 360 ft3 of
residual waste. These inventories were taken from RPP-15317, 241-C Waste Management Area
Inventory Data Package, and are based on the selective phase removal inventory estimation
method. Inventories for all 46 radionuclides reported in the best-basis inventory are provided in
RPP-15317 and were used in the calculation (RPP-22392). Inventories for the subset of
best-basis inventory radionuclides that were shown in DOE/ORP-2003-1 1, Preliminary
Performance Assessment for Waste Management Area C at the Hanford Site, Washington, to
dominate intruder doses at 500 years after closure are shown in Table B-2.

Table B-3 summarizes the intruder analysis results for tank C-104. These results were generated
using the methodology described in Section 7.2. Complete calculation detail is provided in
RPP-22392. Contaminant-specific doses are shown for the subset of radionuclides that dominate
the total dose. The total dose shown represents the sum of the dose contributions from all
radionuclides considered.

Table B-2. Tank C-104 Inventory of
Dose-Driving Contaminants in

360 ft3 of Residual Waste.

Radionuclide Units Tank C-104

Strontium-90 Ci 5.04E+03

Technetium-99 Ci 6.02E-01

Tin-126 Ci 1.79E-02

Cesium-137 Ci 9.93E+02

Plutonium-239 Ci 5.69E+01

Plutonium-240 Ci 1.12E+O1

Americium-241 Ci 6.60E+O1

Note: Table 7-1 from RPP-15317, 2003, 241-C Waste
Management Area Inventory Data Package, Rev. 0,
CH2M HILL Hanford Group, Inc., Richland, Washington.
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Table B-3. Tank C-104 Intruder Dose.

Well Suburban Resident Rural

Radionuclide Driller with a Garden Farmer with a

(mrem EDE) (mrem/yr EDE) (mre/yr E)

Strontium-90 0.000 0.004 0.000

Technetium-99 0.000 0.016 0.000

Tin-126 0.009 0.009 0.001

Cesium-137 0.001 0.001 0.000

Plutonium-239 0.365 2.054 0.092

Plutonium-240 0.069 0.389 0.018

Americium-241 0.291 1.171 0.057

Other radionuclides 0.079 0.315 0.017

TOTAL 0.814 3.959 0.185

Note: The number of significant digits shown in Table B-3 is not intended to imply a level of accuracy
greater than the input values.
EDE = effective dose equivalent.

The dose values in Table B-3 are for intrusion at 500 years after closure assuming a
grout-stabilized residual waste volume of 360 ft3 . Table B-3 indicates that tank C-104 would not
exceed the performance objectives of 500 mrem effective dose equivalent for acute exposure and
100 mrem/yr effective dose equivalent for chronic exposure at 500 years after closure. The total
doses at 500 years after closure would be dominated by plutonium-239, plutonium-240, and
americium-24 1.
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C1.O TANK C-107 PRE-RETRIEVAL RISK ASSESSMENT RESULTS

This appendix provides tank-specific pre-retrieval risk assessment results for tank C-107.
The information presented was developed using the methodology described in Section 7.0.
Groundwater pathway impacts are presented in Section C2.0. Inadvertent intruder impacts are
presented in Section C3.0.

C2.0 GROUNDWATER PATHWAY IMPACTS

The groundwater pathway evaluation involved the development of a set of graphical tools to
provide a basis for making informed decisions in the event a leak is detected or unexpected
retrieval conditions arise during waste retrieval operations. This section provides and discusses
the retrieval leak impact graphs generated for tank C-107. The methodology used to generate the
graphs is described in Section 7.1.1. Calculation detail for the graphs is provided in RPP-22392,
Tanks C-102, C-104, C-107, C-108, and C-112 Long-Term Human Health Risk Calculations to
Support Tank Waste Retrieval Work Plan.

C2.1 RETRIEVAL LEAK IMPACT GRAPHS

Figures C-I through C-3 provide the tank C-107 waste retrieval leak impact graphs for the three
indicator contaminants (technetium-99, hexavalent chromium, and nitrite) identified in
Section 7.1.1.1.
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Figure C-1. Tank C-107 Technetium-99 Risk Plot.
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Figure C-2. Tank C-107 Hexavalent Chromium Hazard Quotient Plot.
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Figure C-3. Tank C-107 Nitrite Hazard Quotient Plot.
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Figure C-I shows the peak groundwater pathway incremental lifetime cancer risk (ILCR) from
technetium-99 as a function of the amount of technetium-99 leaked from tank C-107 during
waste retrieval. Figures C-2 and C-3 show the peak groundwater pathway hazard quotient from
hexavalent chromium and nitrite, respectively, as a function of the amount of hexavalent
chromium and nitrite leaked from tank C-107 during waste retrieval.

The ILCR and hazard quotient values shown on the graphs were based on the predicted peak
groundwater concentrations at the waste management area (WMA) C downgradient fenceline.
As discussed in Section 7.1.1.3, the projected arrival time of the peaks is approximately the year
2082 based on the supporting contaminant transport analysis in RPP-13774, Single-Shell Tank
System Closure Plan. The graphs provide a retrieval leak risk picture for tank C-107 but do not
include contributions from other WMA C sources. Projected impacts from other WMA C
sources are discussed in Section 7.1.3.

Two sloped lines representing the industrial and residential scenarios were plotted on each graph.
The datapoints for these lines were calculated as described in Section 7.1.1 over a range of
technetium-99, hexavalent chromium, and nitrite values. Because potential retrieval leak
volumes are uncertain, the inventory range was selected to encompass a small leak on the low
end and a large leak on the high end.

Vertical dashed lines were added to each graph as points of reference to show the estimated
current tank C-107 inventory and the inventory associated with a potential 8,000-gal. retrieval
leak. The 8,000-gal. volume was a hypothetical volume used only as a point of reference and for
consistency with previous analyses. It was not intended to represent anticipated retrieval leak
volumes or leak detection limits for tank C-107.
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Should the retrieval plan vary from that in Section 3.1.1, the Washington State Department of
Ecology will be notified of the change via a change notice form, per Section 9.3 of the HFFACO
Action Plan. A retrieval plan variation means: (1) altering the designated DST receiver tank for
a given single-shell tank, or (2) making transfers from DSTs other than those listed in Section
3.1.1 into one of the Section 3.1.1 receiver DSTs, which will result in key indicator contaminant
concentrations in the receiver DST liquid phase greater than those specified in RPP-22392 for
the starting DST supernate concentration. If the 8,000-gal. retrieval leak risk for a revised
retrieval plan is not be bounded by the assumed worst case impact shown in Figures C-1, C-2,
and C-3, revised risk impacts will be provided.

In the event a leak is detected during waste retrieval, the leak monitoring system would be used
to estimate the leak volume. The potential human health impacts from the leak could then be
evaluated from the leak volume and estimated contaminant concentrations in the leak along with
the graphs shown in Figures C-1, C-2, and C-3. Using the graphs, the impacts from leak
inventories greater or lesser than those shown for the 8,000-gal. reference volume can be
estimated rapidly by extrapolating from the impacts shown for the reference volume.

C2.2 INVENTORY

The reference lines shown in Figures C-1, C-2, and C-3 to indicate current inventory and
retrieval leak inventory were developed from the best available data and information.
Current inventories were taken from the best-basis inventory by downloading from the Tank
Waste Information Network System (TWINS) database (http://twinsweb.pnl.gov/twins.htm).
Retrieval leak inventories were calculated by multiplying the hypothetical retrieval leak volume
(8,000 gal.) by the estimated retrieval leak fluid concentration. Waste was assumed to be
retrieved from tank C-107 by sluicing with recycled supernate from DST AN-106. The retrieval
leak fluid concentrations for this retrieval scenario are provided in RPP-22392.

The predicted liquid phase concentrations and resulting tank C-107 leak inventories for the DST
AN-106 recycled supernate retrieval scenario are shown in Table C-1. The table also shows leak
inventories for a raw water retrieval scenario.
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Table C-1. Tank C-107 Retrieval Leak Inventory
Comparison for Different Sluicing Fluids.

Leak Fluid Concentration Inventory in 8,000-gal.
Retrieval Leak

Contaminant
Tank AN-106 b Tank AN-106 Raw Water Units

Supernate a Raw Water Units Supernate

Technetium-99 3.08E-05 1.75E-05 Ci/L 9.33E-01 5.30E-01 Ci

hxalent 1.86E-04 4.29E-04 kg/L 5.62E+00 1.30E+01 kg

Nitrite 3.2E-02 1.63E-03 kg/L 9.69E+02 4.94E+02 kg

' From RPP-22392, 2009, Tanks C-102, C-104, C-107, C-108 and C-112 Long-Term Human Health Risk Calculations to
Support Tank Waste Retrieval Work Plan, Rev. 2, Washington River Protection Solutions, LLC, Richland, Washington. b

Addendum Cl, Table 9 from RPP-13774, 2004, Single-Shell Tank System Closure Plan, Rev. 2, CH2M HILL Hanford
Group, Inc., Richland, Washington.

Raw water retrieval leak inventories are given in Table C-I to provide a perspective on the
potential effects on retrieval leak impacts caused by sluicing with recirculated DST supernate.
The raw water inventories shown are the inventories used for the RPP-13774 base case risk
analysis. Those inventories were based on a hypothetical 8,000-gal. retrieval leak volume and
retrieval leak fluid concentrations estimated using the Hanford Tank Waste Operations Simulator
(HTWOS) model. Because retrieval leak human health impacts are proportional to inventory,
comparing the inventory differences provides an indication of the differences in impacts between
the two sluicing fluids. Table C-1 indicates raw water leak inventories would be slightly lower
than the supernate leak inventories for technetium-99 and nitrite and slightly higher for
hexavalent chromium.

C2.3 SUMMARY OF IMPACTS FROM HYPOTHETICAL 8,000-GALLON
RETRIEVAL LEAK

The technetium-99 inventory associated with a hypothetical 8,000-gal. retrieval leak from
tank C-107 was estimated to be approximately 0.933 Ci (RPP-22392). As shown in Figure C-1,
this corresponds to an ILCR of approximately 1.08 x 10-6 for the industrial scenario and
2.63 x 10-5 for the residential scenario. The peak technetium-99 groundwater concentration at
the WMA C fenceline from this retrieval leak would be approximately 78.4 pCi/L.

The hexavalent chromium inventory associated with a hypothetical 8,000-gal. retrieval leak from
tank C-107 was estimated to be approximately 5.6 kg (RPP-22392). As shown in Figure C-2,
this corresponds to a hazard quotient of approximately 0.00 18 for the industrial scenario and
0.011 for the residential scenario. The peak hexavalent chromium groundwater concentration at
the WMA C fenceline from this retrieval leak would be approximately 0.00047 mg/L.
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The nitrite inventory associated with an 8,000-gal. retrieval leak from tank C-107 was estimated
to be approximately 969 kg (RPP-22392). As shown in Figure C-3, this corresponds to a hazard
quotient of approximately 0.0080 for the industrial scenario and 0.051 for the residential
scenario. The peak nitrite groundwater concentration at the WMA C fenceline from this retrieval
leak would be approximately 0.081 mg/L.

C2.4 EXAMPLE CALCULATION

To illustrate the calculation method used for the retrieval leak impact graphs, the following
example is provided. The example uses the industrial scenario ILCR result of 1.08 x 10-6.

Using Equation 7-1 from Section 7.1.1, the industrial scenario ILCR was calculated as the
product of the technetium-99 inventory (Table C-1), the technetium-99 retrieval leak unit
groundwater concentration factor (Table 7-2), and the technetium-99 industrial scenario unit risk
factor (Table 7-3), as follows:

ILCR = (0.933 Ci) - (8.4 x 101 pCi/L per Ci) - (1.38 x I0-8 ILCR per pCi/L)= 1.08 x 10-6

Complete calculation details are provided in RPP-22392.

C3.0 INADVERTENT INTRUDER IMPACTS

The starting inventories for the tank C-107 intruder calculation were the estimated radionuclide
inventories remaining in the tank following retrieval to the Ecology et al. (1989), Hanford
Federal Facility Agreement and Consent Order (HFFACO) interim retrieval goal of 360 ft3 of
residual waste. These inventories were taken from RPP-15317, 241-C Waste Management Area
Inventory Data Package, and are based on the selective phase removal inventory estimation
method. Inventories for all 46 radionuclides reported in the best-basis inventory are provided in
RPP-15317 and were used in the calculation (RPP-22392). Inventories for the subset of
best-basis inventory radionuclides that were shown in DOE/ORP-2003-1 1, Preliminary
Performance Assessment for Waste Management Area C at the Hanford Site, Washington, to
dominate intruder doses at 500 years after closure are shown in Table C-2.
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Table C-2. Tank C-107 Inventory of
Dose-Driving Contaminants in

360 ft3 of Residual Waste.

Radionuclide Units Tank C-107

Strontium-90 Ci 2.43E+04

Technetium-99 Ci 4.11E-01

Tin-126 Ci 6.91E-01

Cesium-137 Ci 6.89E+02

Plutonium-239 Ci 2.34E+01

Plutonium-240 Ci 4.27E+00

Americium-241 Ci 7.32E+01

Note: Table 7-1 from RPP-15317, 2003, 241-C Waste
Management Area Inventory Data Package, Rev. 0,
CH2M HILL Hanford Group, Inc., Richland, Washington.

Table C-3 summarizes the intruder analysis results for tank C-107. These results were generated
using the methodology described in Section 7.2. Complete calculation detail is provided in
RPP-22392. Contaminant-specific doses are shown for the subset of radionuclides that dominate
the total dose. The total dose shown represents the sum of the dose contributions from all
radionuclides considered.
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Table C-3. Tank C-107 Intruder Dose.

Well Suburban Resident Rural

Radionuclide Driller with a Garden Farmer with a

(mrem EDE) (mrem/yr EDE) (mre/yr E)

Strontium-90 0.000 0.020 0.001

Technetium-99 0.000 0.011 0.000

Tin-126 0.359 0.348 0.036

Cesium-137 0.001 0.001 0.000

Plutonium-239 0.150 0.845 0.038

Plutonium-240 0.026 0.148 0.007

Americium-241 0.323 1.302 0.063

Other radionuclides 0.001 0.005 0.001

TOTAL 0.860 2.680 0.146

Note: The number of significant digits shown in Table C-3 is not intended to imply a level of accuracy
greater than the input values.
EDE = effective dose equivalent.

The dose values in Table C-3 are for intrusion at 500 years after closure assuming a
grout-stabilized residual waste volume of 360 ft3 . Table C-3 indicates that tank C-107 would not
exceed the performance objectives of 500 mrem effective dose equivalent for acute exposure and
100 mrem/yr effective dose equivalent for chronic exposure at 500 years after closure. The total
doses at 500 years after closure would be dominated by tin-126, plutonium-239, and
americium-24 1.
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APPENDIX D
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D1.0 TANK C-108 PRE-RETRIEVAL RISK ASSESSMENT RESULTS

This appendix provides tank-specific pre-retrieval risk assessment results for tank C-108.
The information presented was developed using the methodology described in Section 7.0.
Groundwater pathway impacts are presented in Section D2.0. Inadvertent intruder impacts are
presented in Section D3.0.

D2.0 GROUNDWATER PATHWAY IMPACTS

The groundwater pathway evaluation involved the development of a set of graphical tools to
provide a basis for making informed decisions in the event a leak is detected or unexpected
retrieval conditions arise during waste retrieval operations. This section provides and discusses
the retrieval leak impact graphs generated for tank C-108. The methodology used to generate the
graphs is described in Section 7.1.1. Calculation detail for the graphs is provided in RPP-22392,
Tanks C-102, C-104, C-107, C-108, and C-112 Long-Term Human Health Risk Calculations to
Support Tank Waste Retrieval Work Plan.

D2.1 RETRIEVAL LEAK IMPACT GRAPHS

Figures D-1 through D-3 provide the tank C-108 waste retrieval leak impact graphs for the three
indicator contaminants (technetium-99, hexavalent chromium, and nitrite) identified in
Section 7.1.1.1.

D-1



RPP-22393, Rev. 7

Figure D-1. Tank C-108 Technetium-99 Risk Plot.
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Figure D-2. Tank C-108 Hexavalent Chromium Hazard Quotient Plot.

Residential Scenario

Iustrial Scenario I

Tank C-108 8,000-gal Worst
Case Retrieval Leak

Tank C-108 8,000-gal Retrieval Leak Tank C-108
Current Inventory

- -

10 100

Hexavalent Chromium Retrieval Leak Inventory (Kilograms)

1000

D-2

.,

E

1 10

Technetium-99 Retrieval Leak Inventory (Curies)

0.1

1.OE+01

1 .OE+00

a

0

N

1 OE-C

1 .OE-02

1 .OE-03

1.0E-04
1



RPP-22393, Rev. 7

Figure D-3. Tank C-108 Nitrite Hazard Quotient Plot.
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Figure D-1 shows the peak groundwater pathway incremental lifetime cancer risk (ILCR) from
technetium-99 as a function of the amount of technetium-99 leaked from tank C-108 during
waste retrieval. Figures D-2 and D-3 show the peak groundwater pathway hazard quotient from
hexavalent chromium and nitrite, respectively, as a function of the amount of hexavalent
chromium and nitrite leaked from tank C-108 during waste retrieval.

The ILCR and hazard quotient values shown on the graphs were based on the predicted peak
groundwater concentrations at the waste management area (WMA) C downgradient fenceline.
As discussed in Section 7.1.1.3, the projected arrival time of the peaks is approximately the year
2082 based on the supporting contaminant transport analysis in RPP-13774, Single-Shell Tank
System Closure Plan. The graphs provide a retrieval leak risk picture for tank C-108 but do not
include contributions from other WMA C sources. Projected impacts from other WMA C
sources are discussed in Section 7.1.3.

Two sloped lines representing the industrial and residential scenarios were plotted on each graph.
The datapoints for these lines were calculated as described in Section 7.1.1 over a range of
technetium-99, hexavalent chromium, and nitrite values. Because potential retrieval leak
volumes are uncertain, the inventory range was selected to encompass a small leak on the low
end and a large leak on the high end. Selection of the inventory range was arbitrary and
independent of any assumption on the type of retrieval fluid used (raw water or supernate).

Vertical dashed lines were added to each graph as points of reference to show the estimated
current tank C-108 inventory and the inventory associated with a potential 8,000-gal. base case
retrieval leak and an estimated worst case 8,000-gal. retrieval leak. The 8,000-gal. volume was a
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hypothetical volume used only as a point of reference and for consistency with previous
analyses. It was not intended to represent anticipated retrieval leak volumes or leak detection
limits for tank C-108.

The planning for tanks C-102, C-104, C-107, C-108, and C- 112 waste retrieval as of mid
March 2005 is given in Section 3.1.1. RPP-21753, C Farm 100-Series Tanks, Retrieval Process
Flowsheet Description, provides an estimated flowsheet for the C tank farm waste retrieval
process based upon this planning. However, there are numerous possible combinations of which
single-shell tanks can go to which double-shell tanks (DSTs) and in which order.
These combinations are further complicated with the retrieval of other C farm tanks not included
in this tank waste retrieval work plan. It is impractical to provide flowsheets and preliminary
risk evaluations that look at all possible combinations of tanks and tank retrieval order when the
end result is not expected to cause any significant change in the risk associated with the overall
waste retrieval process. Therefore, the dotted lines in Figures D-1, D-2, and D-3 provide the
calculated risk impacts for an 8,000-gal. retrieval leak based upon the retrieval plan in
Section 3.1.1, and an assumed worst case 8,000-gal. retrieval leak.

The base case 8,000-gal. leak uses concentrations obtained from RPP-21753, with the sluicing
supernate coming from the DSTs specified in Section 3.1.1. The assumed worst case 8,000-gal.
leak for technetium-99 is based upon sluicing with a technetium-99 concentration of
8.3 x 10-5 Ci/L. The assumed worst case 8,000-gal. leak for chromium is based upon sluicing
with a chromium concentration of 2.3 g/L. The assumed worst case 8,000-gal. leak for nitrite is
based upon sluicing with a nitrite concentration of 43 g/L.

The worst case technetium-99 concentration assumes sluicing with tank AY- 101 supernate
following waste retrieval from tank C-1 12. The worst case chromium concentration assumes
sluicing with tank AY- 101 supernate only (the tank AY- 101 supernate chromium concentration
is sufficiently high that the supernate chromium concentration will be reduced as single-shell
tank waste retrieval proceeds). The worst case nitrite concentration assumes sluicing with tank
AY-101 supernate following waste retrieval from tanks C-104 and C-107. The worst case
concentrations are estimates only and can vary with the amount of raw water added during waste
retrieval or a number of other factors. The worst case concentrations are not based upon any
planned waste retrieval sequence, they just represent more restrictive mixes of the five
single-shell tanks with a receiver DST for the tanks discussed in this tank waste retrieval work
plan.

Should the retrieval plan vary from that in Section 3.1.1, the Washington State Department of
Ecology will be notified of the change via a change notice form, per Section 9.3 of the HFFACO
Action Plan. A retrieval plan variation means: (1) altering the designated DST receiver tank for
a given single-shell tank, or (2) making transfers from DSTs other than those listed in Section
3.1.1 into one of the Section 3.1.1 receiver DSTs, which will result in key indicator contaminant
concentrations in the receiver DST liquid phase greater than those specified in RPP-21753 for
the starting DST supernate concentration. A statement will be included on the change notice
form that the estimated risk associated with the revised waste retrieval plan is bounded by the
assumed worst case impact shown in Figures D-1, D-2, and D-3. Alternatively, if the 8,000-gal.
retrieval leak risk for a revised retrieval plan may not be bounded by the assumed worst case
impact shown in Figures D-1, D-2, and D-3, revised risk impacts will be provided.
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In the event a leak is detected during waste retrieval, the leak monitoring system would be used
to estimate the leak volume. The potential human health impacts from the leak could then be
evaluated from the leak volume and estimated contaminant concentrations in the leak along with
the graphs shown in Figures D-1, D-2, and D-3. Using the graphs, the impacts from leak
inventories greater or lesser than those shown for the 8,000-gal. reference volume can be
estimated rapidly by extrapolating from the impacts shown for the reference volume.

D2.2 INVENTORY

The reference lines shown in Figures D-1, D-2, and D-3 to indicate current inventory and
retrieval leak inventory were developed from the best available data and information.
Current inventories were taken from the best-basis inventory by downloading from the Tank
Waste Information Network System (TWINS) database (http://twinsweb.pnl.gov/twins.htm).
Retrieval leak inventories were calculated by multiplying the hypothetical retrieval leak volume
(8,000 gal.) by the estimated retrieval leak fluid concentration. Waste was assumed to be
retrieved from tank C-108 by sluicing with recycled supernate from DST AN-106. The retrieval
leak fluid concentrations for this retrieval scenario were developed using data from RPP-21753.

The RPP-21753 flowsheet description provides calculated time-phased contaminant
concentrations in both the recycled supernate and the retrieved slurry. The flowsheet assumes a
retrieval sequence and includes DST-to-DST transfers necessary to maintain waste volume
within overall DST space limits. The flowsheet also includes planned near-term waste retrieval
actions that would affect the tank inventory (e.g., C farm 200-series tanks waste retrieval).

The retrieval leak fluid concentrations used to develop the estimated leak inventories shown on
the graphs were taken from the predicted liquid phase concentrations given in RPP-21753.
The predicted liquid phase concentrations and resulting tank C-108 leak inventories for the DST
AN-106 recycled supernate retrieval scenario are shown in Table D-1. The table also shows leak
inventories for a raw water retrieval scenario.

Table D-1. Tank C-108 Retrieval Leak Inventory
Comparison for Different Sluicing Fluids.

Leak Fluid Concentration Inventory in 8,000-gal.
Retrieval Leak

Contaminant
Tank AN-106 Raw Water b Units Tank AN-106 Raw Water Units

Supernate Supernate

Technetium-99 2.41E-05 6.64E-06 Ci/L 7.29E-01 2.01E-01 Ci

Hexavalent 1.24E-04 2.49E-04 kg/L 3.74E+00 7.54E+00 kg

Nitrite 1.75E-02 9.38E-03 kg/L 5.29E+02 2.84E+02 kg

a Appendix D, Table D-3 from RPP-21753, 2005, C-Farm 100 Series Tanks, Retrieval Process FlowsheetDescription,
Rev. 1, CH2M HILL Hanford Group, Inc., Richland, Washington.
b Addendum Cl, Table 9 from RPP-13774, 2004, Single-Shell Tank System Closure Plan, Rev. 2, CH2M HILL Hanford
Group, Inc., Richland, Washington.
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Raw water retrieval leak inventories are given in Table D- 1 to provide a perspective on the
potential effects on retrieval leak impacts caused by sluicing with recirculated DST supernate.
The raw water inventories shown are the inventories used for the RPP-13774 base case risk
analysis. Those inventories were based on a hypothetical 8,000-gal. retrieval leak volume and
retrieval leak fluid concentrations estimated using the Hanford Tank Waste Operations Simulator
(HTWOS) model. Because retrieval leak human health impacts are proportional to inventory,
comparing the inventory differences provides an indication of the differences in impacts between
the two sluicing fluids. Table D-1 indicates raw water leak inventories would be slightly lower
than the supernate leak inventories for technetium-99 and nitrite and slightly higher for
hexavalent chromium.

D2.3 SUMMARY OF IMPACTS FROM HYPOTHETICAL 8,000-GALLON
RETRIEVAL LEAK

The technetium-99 inventory associated with a hypothetical 8,000-gal. retrieval leak from tank
C-108 was estimated to be approximately 0.729 Ci (RPP-22392). As shown in Figure D-1, this
corresponds to an ILCR of approximately 8.46 x 10-7 for the industrial scenario and 2.06 x 10-5
for the residential scenario. The peak technetium-99 groundwater concentration at the WMA C
fenceline from this retrieval leak would be approximately 61.3 pCi/L.

The hexavalent chromium inventory associated with a hypothetical 8,000-gal. retrieval leak from
tank C-108 was estimated to be approximately 3.7 kg (RPP-22392). As shown in Figure D-2,
this corresponds to a hazard quotient of approximately 0.001 for the industrial scenario and
0.007 for the residential scenario. The peak hexavalent chromium groundwater concentration at
the WMA C fenceline from this retrieval leak would be approximately 0.0003 mg/L.

The nitrite inventory associated with an 8,000-gal. retrieval leak from tank C-108 was estimated
to be approximately 529 kg (RPP-22392). As shown in Figure D-3, this corresponds to a hazard
quotient of approximately 0.004 for the industrial scenario and 0.028 for the residential scenario.
The peak nitrite groundwater concentration at the WMA C fenceline from this retrieval leak
would be approximately 0.044 mg/L.

D2.4 EXAMPLE CALCULATION

To illustrate the calculation method used for the retrieval leak impact graphs, the following
example is provided. The example uses the industrial scenario ILCR result of 8.46 x 10-7.
Using Equation 7-1 from Section 7.1.1, the industrial scenario ILCR was calculated as the
product of the technetium-99 inventory (Table D-1), the technetium-99 retrieval leak unit
groundwater concentration factor (Table 7-2), and the technetium-99 industrial scenario unit risk
factor (Table 7-3), as follows:

ILCR = (0.7295 Ci) - (8.4 x 101 pCi/L per Ci) - (1.38 x 10-8 ILCR per pCi/L)= 8.46 x 10-7

Complete calculation details are provided in RPP-22392.
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D3.0 INADVERTENT INTRUDER IMPACTS

The starting inventories for the tank C-108 intruder calculation were the estimated radionuclide
inventories remaining in the tank following retrieval to the Ecology et al. (1989), Hanford
Federal Facility Agreement and Consent Order (HFFACO) interim retrieval goal of 360 ft' of
residual waste. These inventories were taken from RPP-15317, 241-C Waste Management Area
Inventory Data Package, and are based on the selective phase removal inventory estimation
method. Inventories for all 46 radionuclides reported in the best-basis inventory are provided in
RPP-15317 and were used in the calculation (RPP-22392). Inventories for the subset of
best-basis inventory radionuclides that were shown in DOE/ORP-2003-1 1, Preliminary
Performance Assessment for Waste Management Area C at the Hanford Site, Washington, to
dominate intruder doses at 500 years after closure are shown in Table D-2.

Table D-2. Tank C-108 Inventory of
Dose-Driving Contaminants in

360 ft3 of Residual Waste.

Radionuclide Units Tank C-108

Strontium-90 Ci 3.44E+02

Technetium-99 Ci 2.52E-01

Tin-126 Ci 5.22E-04

Cesium-137 Ci 3.33E+03

Plutonium-239 Ci 1.30E-01

Plutonium-240 Ci 8.40E-03

Americium-241 Ci 2.68E-01

Note: Table 7-1 from RPP-15317, 2003, 241-C Waste
Management Area Inventory Data Package, Rev. 0,
CH2M HILL Hanford Group, Inc., Richland, Washington.

Table D-3 summarizes the intruder analysis results for tank C-108. These results were generated
using the methodology described in Section 7.2. Complete calculation detail is provided in
RPP-22392. Contaminant-specific doses are shown for the subset of radionuclides that dominate
the total dose. The total dose shown represents the sum of the dose contributions from all
radionuclides considered.
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Table D-3. Tank C-108 Intruder Dose.

Well Suburban Resident Rural

Radionuclide Driller with a Garden Farmer with a

(mrem EDE) (mrem/yr EDE) (mre/yr E)

Strontium-90 0.000 0.000 0.000

Technetium-99 0.000 0.007 0.000

Tin-126 0.000 0.000 0.000

Cesium-137 0.005 0.005 0.001

Plutonium-239 0.001 0.005 0.000

Plutonium-240 0.000 0.000 0.000

Americium-241 0.001 0.005 0.000

Other radionuclides 0.000 0.000 0.000

TOTAL 0.007 0.022 0.001

Note: The number of significant digits shown in Table D-3 is not intended to imply a level of
accuracy greater than the input values.
EDE = effective dose equivalent.

The dose values in Table D-3 are for intrusion at 500 years after closure assuming a
grout-stabilized residual waste volume of 360 ft3 . Table D-3 indicates that tank C-108 would not
exceed the performance objectives of 500 mrem effective dose equivalent for acute exposure and
100 mrem/yr effective dose equivalent for chronic exposure at 500 years after closure. The total
doses at 500 years after closure would be dominated by technetium-99, cesium-137,
plutonium-239, and americium-241.
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E1.O TANK C-112 PRE-RETRIEVAL RISK ASSESSMENT RESULTS

This appendix provides tank-specific pre-retrieval risk assessment results for tank C- 112.
The information presented was developed using the methodology described in Section 7.0.
Groundwater pathway impacts are presented in Section E2.0. Inadvertent intruder impacts are
presented in Section E3.0.

E2.0 GROUNDWATER PATHWAY IMPACTS

The groundwater pathway evaluation involved the development of a set of graphical tools to
provide a basis for making informed decisions in the event a leak is detected or unexpected
retrieval conditions arise during waste retrieval operations. This section provides and discusses
the retrieval leak impact graphs generated for tank C- 112. The methodology used to generate the
graphs is described in Section 7.1.1. Calculation detail for the graphs is provided in RPP-22392,
Tanks C-102, C-104, C-107, C-108, and C-112 Long-Term Human Health Risk Calculations to
Support Tank Waste Retrieval Work Plan.

E2.1 RETRIEVAL LEAK IMPACT GRAPHS

Figures E-1 through E-3 provide the tank C- 112 waste retrieval leak impact graphs for the three
indicator contaminants (technetium-99, hexavalent chromium, and nitrite) identified in
Section 7.1.1.1.

Figure E-1. Tank C-112 Technetium-99 Risk Plot.
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Figure E-2. Tank C-112 Hexavalent Chromium Hazard Quotient Plot.
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Figure E-3. Tank C-112 Nitrite Hazard Quotient Plot.
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Figure E-1 shows the peak groundwater pathway incremental lifetime cancer risk (ILCR) from
technetium-99 as a function of the amount of technetium-99 leaked from tank C-i 12 during
waste retrieval. Figures E-2 and E-3 show the peak groundwater pathway hazard quotient from
hexavalent chromium and nitrite, respectively, as a function of the amount of hexavalent
chromium and nitrite leaked from tank C- 112 during waste retrieval.

The ILCR and hazard quotient values shown on the graphs were based on the predicted peak
groundwater concentrations at the waste management area (WMA) C downgradient fenceline.
As discussed in Section 7.1.1.3, the projected arrival time of the peaks is approximately the year
2082 based on the supporting contaminant transport analysis in RPP-13774, Single-Shell Tank
System Closure Plan. The graphs provide a retrieval leak risk picture for tank C-i 12 but do not
include contributions from other WMA C sources. Projected impacts from other WMA C
sources are discussed in Section 7.1.3.

Two sloped lines representing the industrial and residential scenarios were plotted on each graph.
The datapoints for these lines were calculated as described in Section 7.1.1 over a range of
technetium-99, hexavalent chromium, and nitrite values. Because potential retrieval leak
volumes are uncertain, the inventory range was selected to encompass a small leak on the low
end and a large leak on the high end.

Vertical dashed lines were added to each graph as points of reference to show the estimated
current tank C- 112 inventory and the inventory associated with a potential 8,000-gal. retrieval
leak. The 8,000-gal. volume was a hypothetical volume used only as a point of reference and for
consistency with previous analyses. It was not intended to represent anticipated retrieval leak
volumes or leak detection limits for tank C-i 12.

Should the retrieval plan vary from that in Section 3.1.1, the Washington State Department of
Ecology will be notified of the change via a change notice form, per Section 9.3 of the HFFACO
Action Plan. A retrieval plan variation means: (1) altering the designated DST receiver tank for
a given single-shell tank, or (2) making transfers from DSTs other than those listed in Section
3.1.1 into one of the Section 3.1.1 receiver DSTs, which will result in key indicator contaminant
concentrations in the receiver DST liquid phase greater than those specified in RPP-22392 for
the starting DST supernate concentration. If the 8,000-gal. retrieval leak risk for a revised
retrieval plan is not bounded by the impact shown in Figures E-1, E-2, and E-3, revised risk
impacts will be provided.

In the event a leak is detected during waste retrieval, the leak monitoring system would be used
to estimate the leak volume. The potential human health impacts from the leak could then be
evaluated from the leak volume and estimated contaminant concentrations in the leak along with
the graphs shown in Figures E-1, E-2, and E-3. Using the graphs, the impacts from leak
inventories greater or lesser than those shown for the 8,000-gal. reference volume can be
estimated rapidly by extrapolating from the impacts shown for the reference volume.
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E2.2 INVENTORY

The reference lines shown in Figures E- 1, E-2, and E-3 to indicate current inventory and retrieval
leak inventory were developed from the best available data and information. Current inventories
were taken from the best-basis inventory by downloading from the Tank Waste Information
Network System (TWINS) database (http://twinsweb.pnl.gov/twins.htm). Retrieval leak
inventories were calculated by multiplying the hypothetical retrieval leak volume (8,000 gal.) by
the estimated retrieval leak fluid concentration. Waste was assumed to be retrieved from
tank C-112 by sluicing with recycled supernate from DST AN-101. The retrieval leak fluid
concentrations for this retrieval scenario are provided in RPP-22392.

The predicted liquid phase concentrations and resulting tank C-1 12 leak inventories for the DST
AN- 101 recycled supernate retrieval scenario are shown in Table E- 1. The table also shows leak
inventories for a raw water retrieval scenario.

Table E-1. Tank C-112 Retrieval Leak Inventory
Comparison for Different Sluicing Fluids.

Leak Fluid Concentration Inventory in 8,000-gal.
LeakFlui ConentrtionRetrieval Leak

Contaminant
Tank AN-101 Raw Water b Units Tank AN-101 Raw Water Units

Supernate Supernate

Technetium-99 1.21E-04 4.24E-05 Ci/L 3.66E+00 1.28E+00 Ci

Hexavalent 5.28E-04 9.67E-05 kg/L 1.60E+01 2.93E+00 kg

Nitrite 8.01E-02 1.93E-02 kg/L 2.43E+03 5.84E+02 kg

' From RPP-22392, 2009, Tanks C-102, C-104, C-0107, C-108 and C-112 Long-Term Human Health Risk Calculations to
Support Tank Waste Retrieval Work Plan, Rev. 2, Washington River Protection Solutions, LLC, Richland, Washington..
b Addendum C1, Table 9 from RPP- 13774, 2004, Single-Shell Tank System Closure Plan, Rev. 2, CH2M HILL Hanford
Group, Inc., Richland, Washington.

Raw water retrieval leak inventories are given in Table E-1 to provide a perspective on the
potential effects on retrieval leak impacts caused by sluicing with recirculated DST supernate.
The raw water inventories shown are the inventories used for the RPP-13774 base case risk
analysis. Those inventories were based on a hypothetical 8,000-gal. retrieval leak volume and
retrieval leak fluid concentrations estimated using the Hanford Tank Waste Operations Simulator
(HTWOS) model. Because retrieval leak human health impacts are proportional to inventory,
comparing the inventory differences provides an indication of the differences in impacts between
the two sluicing fluids. Table E-1 indicates raw water leak inventories would be lower than the
supernate leak inventories.
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E2.3 SUMMARY OF IMPACTS FROM HYPOTHETICAL 8,000-GALLON
RETRIEVAL LEAK

The technetium-99 inventory associated with a hypothetical 8,000-gal. retrieval leak from tank
C-1 12 was estimated to be approximately 3.66 Ci (RPP-22392). As shown in Figure E-1, this
corresponds to an ILCR of approximately 4.25 x 10-6 for the industrial scenario and 1.03 x 10-4
for the residential scenario. The peak technetium-99 groundwater concentration at the WMA C
fenceline from this retrieval leak would be approximately 3.08E+02 pCi/L.

The hexavalent chromium inventory associated with a hypothetical 8,000-gal. retrieval leak from
tank C-1 12 was estimated to be approximately 1.6E+01 kg (RPP-22392). As shown in Figure E-
2, this corresponds to a hazard quotient of approximately 5.2E-03 for the industrial scenario and
3.1E-02 for the residential scenario. The peak hexavalent chromium groundwater concentration
at the WMA C fenceline from this retrieval leak would be approximately 1.3E-03 mg/L.

The nitrite inventory associated with an 8,000-gal. retrieval leak from tank C-1 12 was estimated
to be approximately 2.43E+03 kg (RPP-22392). As shown in Figure E-3, this corresponds to a
hazard quotient of approximately 2.OE-02 for the industrial scenario and 1.3E-01 for the
residential scenario. The peak nitrite groundwater concentration at the WMA C fenceline from
this retrieval leak would be approximately 2.OE-0 1 mg/L.

E2.4 EXAMPLE CALCULATION

To illustrate the calculation method used for the retrieval leak impact graphs, the following
example is provided. The example uses the industrial scenario ILCR result of 4.25 x 10-6.

Using Equation 7-1 from Section 7.1.1, the industrial scenario ILCR was calculated as the
product of the technetium-99 inventory (Table E-1), the technetium-99 retrieval leak unit
groundwater concentration factor (Table 7-2), and the technetium-99 industrial scenario unit risk
factor (Table 7-3), as follows:

ILCR = (3.66 Ci) - (8.4 x 101 pCi/L per Ci) - (1.38 x 10-8 ILCR per pCi/L) = 4.25 x 10-6

Complete calculation details are provided in RPP-22392.
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E3.0 INADVERTENT INTRUDER IMPACTS

The starting inventories for the tank C- 112 intruder calculation were the estimated radionuclide
inventories remaining in the tank following retrieval to the Ecology et al. (1989), Hanford
Federal Facility Agreement and Consent Order (HFFACO) interim retrieval goal of 360 ft3 of
residual waste. These inventories were taken from RPP-15317, 241-C Waste Management Area
Inventory Data Package, and are based on the selective phase removal inventory estimation
method. Inventories for all 46 radionuclides reported in the best-basis inventory are provided in
RPP-15317 and were used in the calculation (RPP-22392). Inventories for the subset of
best-basis inventory radionuclides that were shown in DOE/ORP-2003-1 1, Preliminary
Performance Assessment for Waste Management Area C at the Hanford Site, Washington, to
dominate intruder doses at 500 years after closure are shown in Table E-2.

Table E-2. Tank C-112 Inventory of
Dose-Driving Contaminants in

360 ft3 of Residual Waste.

Radionuclide Units Tank C-112

Strontium-90 Ci 1.68E+04

Technetium-99 Ci 1.59E+00

Tin-126 Ci 1.08E-03

Cesium-137 Ci 7.39E+03

Plutonium-239 Ci 2.12E+00

Plutonium-240 Ci 3.38E-01

Americium-241 Ci 1.23E+01

Note: Table 7-1 from RPP-15317, 2003, 241-C Waste
Management Area Inventory Data Package, Rev. 0,
CH2M HILL Hanford Group, Inc., Richland, Washington.

Table E-3 summarizes the intruder analysis results for tank C-1 12. These results were generated
using the methodology described in Section 7.2. Complete calculation detail is provided in
RPP-22392. Contaminant-specific doses are shown for the subset of radionuclides that dominate
the total dose. The total dose shown represents the sum of the dose contributions from all
radionuclides considered.
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Table E-3. Tank C-112 Intruder Dose.

Well Suburban Resident Rural

Radionuclide Driller with a Garden Farmer with a

(mrem EDE) (mrem/yr EDE) (mre/yr E)

Strontium-90 0.001 0.014 0.001

Technetium-99 0.000 0.042 0.001

Tin-126 0.001 0.001 0.000

Cesium-137 0.011 0.012 0.001

Plutonium-239 0.014 0.077 0.003

Plutonium-240 0.002 0.012 0.001

Americium-241 0.054 0.219 0.011

Other radionuclides 0.001 0.008 0.001

TOTAL 0.084 0.385 0.019

Note: The number of significant digits shown in Table E-3 is not intended to imply a level
of accuracy greater than the input values.

EDE = effective dose equivalent.

The dose values in Table E-3 are for intrusion at 500 years after closure assuming a
grout-stabilized residual waste volume of 360 ft3 . Table E-3 indicates that tank C-1 12 would not
exceed the performance objectives of 500 mrem effective dose equivalent for acute exposure and
100 mrem/yr effective dose equivalent for chronic exposure at 500 years after closure. The total
doses at 500 years after closure would be dominated by technetium-99, plutonium-239, and
americium-24 1.
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Table F-1. Tank C-102 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 9.74E- 11 not reported Ci

Sludge CWP2 (Solid) 8.70E-08 not reported Ci

Sludge CWZr1 (Solid) 8.30E-08 not reported Ci
106 Ru Sludge MW1 (Solid) 1.01E-16 not reported Ci

Sludge TBP (Solid) 9.77E-15 not reported Ci

Sludge TH1 (Solid) 6.20E-09 not reported Ci

Total 1.76E-07 -- Ci

Sludge CWP1 (Solid) 3.50E-01 not reported Ci

Sludge CWP2 (Solid) 1.65E+00 not reported Ci

Sludge CWZr1 (Solid) 1.25E-02 not reported Ci
ll3mCd Sludge MW1 (Solid) 1.48E-03 not reported Ci

Sludge TBP (Solid) 6.57E-03 not reported Ci

Sludge TH1 (Solid) 7.27E-02 not reported Ci

Total 2.09E+00 -- Ci

Sludge CWP1 (Solid) 4.16E-04 not reported Ci

Sludge CWP2 (Solid) 9.33E-03 not reported Ci

Sludge CWZr1 (Solid) 9.39E-03 not reported Ci

125Sb Sludge MW1 (Solid) 1.06E-05 not reported Ci

Sludge TBP (Solid) 1.06E-04 not reported Ci

Sludge TH1 (Solid) 1.78E-02 not reported Ci

Total 3.70E-02 -- Ci

Sludge CWP1 (Solid) 5.20E-04 not reported Ci

Sludge CWP2 (Solid) 1.88E-03 not reported Ci

Sludge CWZr1 (Solid) 7.06E-04 not reported Ci
126Sn Sludge MW1 (Solid) 2.63E-04 not reported Ci

Sludge TBP (Solid) 9.59E-04 not reported Ci

Sludge TH1 (Solid) 5.25E-03 not reported Ci

Total 9.58E-03 -- Ci

Sludge TH1 (Solid) 1.71E-05 not reported Ci

Sludge CWP1 (Solid) 6.62E-02 not reported Ci

Sludge CWP2 (Solid) 1.65E-01 not reported Ci

1291 Sludge CWZr1 (Solid) 5.24E-04 not reported Ci

Sludge MW1 (Solid) 1.56E-05 not reported Ci

Sludge TBP (Solid) 1.13E-04 not reported Ci

Total 2.32E-01 -- Ci
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Table F-1. Tank C-102 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 8.71E-06 not reported Ci

Sludge CWP2 (Solid) 4.68E-04 not reported Ci

Sludge CWZr1 (Solid) 5.97E-03 not reported Ci
134CS Sludge MW1 (Solid) 3.52E-08 not reported Ci

Sludge TBP (Solid) 8.81E-07 not reported Ci

Sludge TH1 (Solid) 4.20E-04 not reported Ci

Total 6.87E-03 -- Ci

Sludge CWP1 (Solid) 1.24E+04 1.90E+04 Ci

Sludge CWP2 (Solid) 1.11E+04 not reported Ci

Sludge CWZr1 (Solid) 4.92E+02 not reported Ci
13Cs Sludge MW1 (Solid) 6.70E+01 not reported Ci

Sludge TBP (Solid) 1.06E+03 1.06E+03 Ci

Sludge TH1 (Solid) 8.05E+02 not reported Ci

Total 2.59E+04 -- Ci

Sludge CWP1 (Solid) 1.17E+04 not reported Ci

Sludge CWP2 (Solid) 1.04E+04 not reported Ci

Sludge CWZr1 (Solid) 4.64E+02 not reported Ci

7"'Ba Sludge MW1 (Solid) 6.33E+01 not reported Ci

Sludge TBP (Solid) 1.OOE+03 not reported Ci

Sludge TH1 (Solid) 7.60E+02 not reported Ci

Total 2.45E+04 -- Ci

Sludge CWP1 (Solid) 3.06E-01 not reported Ci

Sludge CWP2 (Solid) 1.01E+00 not reported Ci

Sludge CWZr1 (Solid) 1.15E-01 not reported Ci
14C Sludge MW1 (Solid) 2.82E-03 not reported Ci

Sludge TBP (Solid) 5.62E-03 not reported Ci

Sludge TH1 (Solid) 9.40E-06 not reported Ci

Total 1.44E+00 -- Ci

Sludge CWP1 (Solid) 5.22E+00 not reported Ci

Sludge CWP2 (Solid) 1.84E+01 not reported Ci

Sludge CWZr1 (Solid) 4.29E+00 not reported Ci

Sm Sludge MW1 (Solid) 2.69E+00 not reported Ci

Sludge TBP (Solid) 9.20E+00 not reported Ci

Sludge TH1 (Solid) 1.78E+01 not reported Ci

Total 5.76E+01 -- Ci
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Table F-1. Tank C-102 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP2 (Solid) 4.15E-03 not reported Ci

Sludge CWZr1 (Solid) 5.47E-03 not reported Ci

Sludge MW1 (Solid) 2.93E-05 not reported Ci
152Eu Sludge TBP (Solid) 2.95E-04 not reported Ci

Sludge TH1 (Solid) 4.42E-03 not reported Ci

Sludge CWP1 (Solid) 6.26E-04 not reported Ci

Total 1.50E-02 -- Ci

Sludge CWZr1 (Solid) 1.09E+00 not reported Ci

Sludge MW1 (Solid) 2.60E-03 not reported Ci

Sludge TBP (Solid) 2.05E-02 not reported Ci
154Eu Sludge TH1 (Solid) 1.61E-01 not reported Ci

Sludge CWP1 (Solid) 4.16E-02 not reported Ci

Sludge CWP2 (Solid) 2.45E+01 not reported Ci

Total 2.58E+01 -- Ci

Sludge CWP1 (Solid) 1.49E-02 not reported Ci

Sludge CWP2 (Solid) 1.35E+01 not reported Ci

Sludge CWZr1 (Solid) 5.99E-01 not reported Ci

15Eu Sludge MW1 (Solid) 1.73E-03 not reported Ci

Sludge TBP (Solid) 9.84E-03 not reported Ci

Sludge TH1 (Solid) 4.73E-02 not reported Ci

Total 1.41E+01 -- Ci

Sludge CWZr1 (Solid) 4.59E-08 not reported Ci

Sludge MW1 (Solid) 6.42E-06 not reported Ci

Sludge TBP (Solid) 1.21E-06 not reported Ci

226Ra Sludge TH1 (Solid) 5.39E-06 not reported Ci

Sludge CWP1 (Solid) 1.66E-07 not reported Ci

Sludge CWP2 (Solid) 2.17E-06 not reported Ci

Total 1.54E-05 -- Ci

Sludge CWP1 (Solid) 8.97E-07 not reported Ci

Sludge CWP2 (Solid) 3.28E-02 not reported Ci

Sludge CWZr1 (Solid) 3.15E-07 not reported Ci

mAc Sludge MW1 (Solid) 2.OOE-05 not reported Ci

Sludge TBP (Solid) 5.33E-06 not reported Ci

Sludge TH1 (Solid) 1.37E+00 not reported Ci

Total 1.41E+00 -- Ci
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Table F-1. Tank C-102 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWZr1 (Solid) 2.OOE-12 not reported Ci

Sludge MW1 (Solid) 1.53E-11 not reported Ci

Sludge TBP (Solid) 4.64E-12 not reported Ci

2Ra Sludge TH1 (Solid) 1.46E-01 not reported Ci

Sludge CWP1 (Solid) 1.91E-12 not reported Ci

Sludge CWP2 (Solid) 2.46E-01 not reported Ci

Total 3.92E-01 -- Ci

Sludge CWP1 (Solid) 2.79E-10 not reported Ci

Sludge CWP2 (Solid) 1.69E-01 not reported Ci

Sludge CWZr1 (Solid) 2.04E-10 not reported Ci

229Th Sludge MW1 (Solid) 8.55E-1 1 not reported Ci

Sludge TBP (Solid) 2.70E-10 not reported Ci

Sludge TH1 (Solid) 3.89E-01 not reported Ci

Total 5.59E-01 -- Ci

Sludge CWP1 (Solid) 1.78E-06 not reported Ci

Sludge CWP2 (Solid) 1.71E-03 not reported Ci

Sludge CWZr1 (Solid) 7.06E-07 not reported Ci
231Pa Sludge MW1 (Solid) 2.13E-08 not reported Ci

Sludge TBP (Solid) 5.04E-08 not reported Ci

Sludge TH1 (Solid) 1.09E-01 not reported Ci

Total 1.11E-Ol -- Ci

Sludge TBP (Solid) 2.29E-12 not reported Ci

Sludge TH1 (Solid) 4.28E-01 not reported Ci

Sludge CWP1 (Solid) 2.20E-12 not reported Ci

2Th Sludge CWP2 (Solid) 7.73E-01 not reported Ci

Sludge CWZr1 (Solid) 2.43E-12 not reported Ci

Sludge MW1 (Solid) 7.18E-13 not reported Ci

Total 1.20E+00 -- Ci

Sludge CWP1 (Solid) 5.14E-05 not reported Ci

Sludge CWP2 (Solid) 8.70E-02 not reported Ci

Sludge CWZr1 (Solid) 1.02E-05 not reported Ci

2U Sludge MW1 (Solid) 2.47E-05 not reported Ci

Sludge TBP (Solid) 4.16E-06 not reported Ci

Sludge TH1 (Solid) 1.67E+00 not reported Ci

Total 1.76E+00 -- Ci
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Table F-1. Tank C-102 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 2.51E-06 not reported Ci

Sludge CWP2 (Solid) 5.40E+00 not reported Ci

Sludge CWZr1 (Solid) 1.58E-07 not reported Ci

2U Sludge MW1 (Solid) 2.26E-06 not reported Ci

Sludge TBP (Solid) 3.49E-07 not reported Ci

Sludge TH1 (Solid) 1.10E+02 not reported Ci

Total 1.15E+02 -- Ci

Sludge CWP2 (Solid) 7.45E-01 not reported Ci

Sludge CWZr1 (Solid) 4.24E-02 not reported Ci

Sludge MW1 (Solid) 2.92E+00 not reported Ci

24U Sludge TBP (Solid) 3.43E-01 not reported Ci

Sludge TH1 (Solid) 8.30E-01 not reported Ci

Sludge CWP1 (Solid) 1.13E+00 not reported Ci

Total 6.OOE+00 -- Ci

Sludge CWP1 (Solid) 4.81E-02 not reported Ci

Sludge CWP2 (Solid) 2.91E-02 not reported Ci

Sludge CWZr1 (Solid) 1.97E-03 not reported Ci

2U Sludge MW1 (Solid) 1.32E-01 not reported Ci

Sludge TBP (Solid) 1.53E-02 not reported Ci

Sludge TH1 (Solid) 2.95E-06 not reported Ci

Total 2.26E-01 -- Ci

Sludge TBP (Solid) 3.93E-03 not reported Ci

Sludge TH1 (Solid) 5.14E-07 not reported Ci

Sludge CWP1 (Solid) 2.57E-02 not reported Ci

236U Sludge CWP2 (Solid) 1.84E-02 not reported Ci

Sludge CWZr1 (Solid) 2.98E-03 not reported Ci

Sludge MW1 (Solid) 2.49E-02 not reported Ci

Total 7.58E-02 -- Ci

Sludge CWP1 (Solid) 3.69E-04 not reported Ci

Sludge CWP2 (Solid) 1.26E-03 not reported Ci

Sludge CWZr1 (Solid) 2.47E-04 not reported Ci

2Np Sludge MW1 (Solid) 1.99E-04 not reported Ci

Sludge TBP (Solid) 7.01E-04 not reported Ci

Sludge TH1 (Solid) 2.01E-08 not reported Ci

Total 2.78E-03 -- Ci
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Table F-1. Tank C-102 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 3.90E+00 not reported Ci

Sludge CWP2 (Solid) 7.2 1E+1 not reported Ci

Sludge CWZr1 (Solid) 1.20E+01 not reported Ci
238Pu Sludge MW1 (Solid) 6.98E-05 not reported Ci

Sludge TBP (Solid) 6.99E-03 not reported Ci

Sludge TH1 (Solid) 3.34E-06 not reported Ci

Total 8.80E+01 -- Ci

Sludge CWP2 (Solid) 6.71E-01 not reported Ci

Sludge CWZr1 (Solid) 2.97E-02 not reported Ci

Sludge MW1 (Solid) 2.97E+00 not reported Ci

U Sludge TBP (Solid) 3.50E-01 not reported Ci

Sludge TH1 (Solid) 4.59E-14 not reported Ci

Sludge CWP1 (Solid) 1.16E+00 not reported Ci

Total 5.17E+00 -- Ci

Sludge CWZr1 (Solid) 1.21E+02 not reported Ci

Sludge MW1 (Solid) 2.07E-02 not reported Ci

Sludge TBP (Solid) 1.OOE+00 not reported Ci

239Pu Sludge TH1 (Solid) 1.73E-10 not reported Ci

Sludge CWP1 (Solid) 2.26E+02 not reported Ci

Sludge CWP2 (Solid) 3.05E+03 not reported Ci

Total 3.40E+03 -- Ci

Sludge CWP1 (Solid) 4.71E+O1 not reported Ci

Sludge CWP2 (Solid) 7.2 1E+02 not reported Ci

Sludge CWZr1 (Solid) 4.68E+01 not reported Ci
240Pu Sludge MW1 (Solid) 1.39E-03 not reported Ci

Sludge TBP (Solid) 1.08E-01 not reported Ci

Sludge TH1 (Solid) 1.19E- 11 not reported Ci

Total 8.15E+02 -- Ci

Sludge TH1 (Solid) 6.81E-12 not reported Ci

Sludge CWP1 (Solid) 4.28E+00 not reported Ci

Sludge CWP2 (Solid) 9.50E+02 not reported Ci

24'Am Sludge CWZr1 (Solid) 6.73E+01 not reported Ci

Sludge TBP (Solid) 5.52E-01 not reported Ci

Sludge MW1 (Solid) 4.29E-03 not reported Ci

Total 1.02E+03 -- Ci
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Table F-1. Tank C-102 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 1.76E+02 not reported Ci

Sludge CWP2 (Solid) 4.51E+03 not reported Ci

Sludge CWZr1 (Solid) 8.27E+02 not reported Ci

241Pu Sludge MW1 (Solid) 1.17E-03 not reported Ci

Sludge TBP (Solid) 1.82E-01 not reported Ci

Sludge TH1 (Solid) 3.97E- 11 not reported Ci

Total 5.51E+03 -- Ci

Sludge CWZr1 (Solid) 7.32E-03 not reported Ci

Sludge MW1 (Solid) 3.21E-07 not reported Ci

Sludge CWP1 (Solid) 6.28E-05 not reported Ci

242Cm Sludge TBP (Solid) 1.33E-04 not reported Ci

Sludge TH1 (Solid) 4.40E-17 not reported Ci

Sludge CWP2 (Solid) 5.91E-02 not reported Ci

Total 6.66E-02 -- Ci

Sludge TBP (Solid) 1.48E-06 not reported Ci

Sludge TH1 (Solid) 9.75E-17 not reported Ci

Sludge CWP1 (Solid) 1.47E-03 not reported Ci

242Pu Sludge CWP2 (Solid) 3.66E-02 not reported Ci

Sludge CWZr1 (Solid) 9.04E-03 not reported Ci

Sludge MW1 (Solid) 6.33E-09 not reported Ci

Total 4.71E-02 -- Ci

Sludge CWP1 (Solid) 3.75E-05 not reported Ci

Sludge CWP2 (Solid) 3.83E-02 not reported Ci

Sludge CWZr1 (Solid) 4.83E-03 not reported Ci
243Am Sludge MW1 (Solid) 1.86E-07 not reported Ci

Sludge TBP (Solid) 7.83E-05 not reported Ci

Sludge TH1 (Solid) 2.37E-17 not reported Ci

Total 4.33E-02 -- Ci

Sludge MW1 (Solid) 1.80E-09 not reported Ci

Sludge TBP (Solid) 1.49E-06 not reported Ci

Sludge TH1 (Solid) 8.36E-19 not reported Ci

243Cm Sludge CWP1 (Solid) 1.11E-06 not reported Ci

Sludge CWP2 (Solid) 2.91E-03 not reported Ci

Sludge CWZr1 (Solid) 1.94E-03 not reported Ci

Total 4.86E-03 -- Ci
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Table F-1. Tank C-102 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 2.78E-05 not reported Ci

Sludge CWP2 (Solid) 8.65E-02 not reported Ci

Sludge CWZr1 (Solid) 4.OOE-02 not reported Ci
2
1Cm Sludge MW1 (Solid) 4.02E-08 not reported Ci

Sludge TBP (Solid) 3.35E-05 not reported Ci

Sludge TH1 (Solid) 1.74E-17 not reported Ci

Total 1.27E-01 -- Ci

Sludge CWP2 (Solid) 4.14E+00 4.15E+00 Ci

Sludge CWZr1 (Solid) 4.46E+00 not reported Ci

Sludge MW1 (Solid) 5.03E-02 not reported Ci

3H Sludge TBP (Solid) 1.23E-01 not reported Ci

Sludge TH1 (Solid) 1.90E-02 not reported Ci

Sludge CWP1 (Solid) 2.74E+O1 not reported Ci

Total 3.62E+O1 -- Ci

Sludge CWP1 (Solid) 1.20E+00 not reported Ci

Sludge CWP2 (Solid) 7.40E+00 not reported Ci

Sludge CWZr1 (Solid) 5.73E-03 not reported Ci

59Ni Sludge MW1 (Solid) 4.27E-04 not reported Ci

Sludge TBP (Solid) 1.47E-03 not reported Ci

Sludge TH1 (Solid) 4.67E-03 not reported Ci

Total 8.61E+00 -- Ci

Sludge TBP (Solid) 2.94E-03 not reported Ci

Sludge TH1 (Solid) 4.64E-04 not reported Ci

Sludge CWP1 (Solid) 1.61E+00 not reported Ci
60Co Sludge CWP2 (Solid) 8.84E+01 not reported Ci

Sludge CWZr1 (Solid) 3.93E+00 not reported Ci

Sludge MW1 (Solid) 5.21E-04 not reported Ci

Total 9.39E+O1 -- Ci

Sludge CWP1 (Solid) 1.10E+02 not reported Ci

Sludge CWP2 (Solid) 6.98E+02 not reported Ci

Sludge CWZr1 (Solid) 4.89E-01 not reported Ci

63Ni Sludge MW1 (Solid) 3.55E-02 not reported Ci

Sludge TBP (Solid) 1.26E-01 not reported Ci

Sludge TH1 (Solid) 3.89E-01 not reported Ci

Total 8.09E+02 -- Ci
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Table F-1. Tank C-102 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP2 (Solid) 4.55E-04 not reported Ci

Sludge CWZr1 (Solid) 1.49E-04 not reported Ci

Sludge MW1 (Solid) 7.28E-05 not reported Ci
7 9 Se Sludge TBP (Solid) 2.54E-04 not reported Ci

Sludge TH1 (Solid) 1.60E-03 not reported Ci

Sludge CWP1 (Solid) 1.26E-04 not reported Ci

Total 2.66E-03 -- Ci

Sludge CWP1 (Solid) 1.15E+02 not reported Ci

Sludge CWP2 (Solid) 4.72E+02 not reported Ci

Sludge CWZr1 (Solid) 9.74E+02 not reported Ci
90Sr Sludge MW1 (Solid) 1.32E+03 not reported Ci

Sludge TBP (Solid) 9.84E+03 6.97E+03 Ci

Sludge TH1 (Solid) 1.53E+04 not reported Ci

Total 2.80E+04 -- Ci

Sludge CWP1 (Solid) 1.15E+02 not reported Ci

Sludge CWP2 (Solid) 4.72E+02 not reported Ci

Sludge CWZr1 (Solid) 9.74E+02 not reported Ci

90Y Sludge MW1 (Solid) 1.32E+03 not reported Ci

Sludge TBP (Solid) 9.84E+03 not reported Ci

Sludge TH1 (Solid) 1.53E+04 not reported Ci

Total 2.80E+04 -- Ci

Sludge CWP1 (Solid) 6.46E-03 not reported Ci

Sludge CWP2 (Solid) 2.14E-02 not reported Ci

Sludge CWZr1 (Solid) 1.23E-01 not reported Ci
93mNb Sludge MW1 (Solid) 1.80E-05 not reported Ci

Sludge TBP (Solid) 6.12E-05 not reported Ci

Sludge TH1 (Solid) 3.45E-02 not reported Ci

Total 1.85E-01 -- Ci

Sludge CWP1 (Solid) 7.54E-03 not reported Ci

Sludge CWP2 (Solid) 2.63E-02 not reported Ci

Sludge CWZr1 (Solid) 1.54E-01 not reported Ci

93Zr Sludge MW1 (Solid) 1.97E-05 not reported Ci

Sludge TBP (Solid) 6.81E-05 not reported Ci

Sludge TH1 (Solid) 4.27E-02 not reported Ci

Total 2.30E-01 -- Ci
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Table F-1. Tank C-102 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWZr1 (Solid) 3.37E-01 not reported Ci

Sludge MW1 (Solid) 3.52E-02 not reported Ci

Sludge TBP (Solid) 8.83E-02 not reported Ci
9 9 Tc * Sludge TH1 (Solid) 1.81E-01 not reported Ci

Sludge CWP1 (Solid) 5.50E-02 not reported Ci

Sludge CWP2 (Solid) 1.90E-01 not reported Ci

Total 8.87E-01 -- Ci

Sludge CWP1 (Solid) 3.77E+04 8.21E+03 kg

Sludge CWP2 (Solid) 5.2 1E+04 not reported kg

Sludge CWZr1 (Solid) 2.3 1E+03 not reported kg

Al Sludge MW1 (Solid) 0.OOE+00 not reported kg

Sludge TBP (Solid) 1.61E+02 5.60E+01 kg

Sludge TH1 (Solid) 1.80E+03 not reported kg

Total 9.40E+04 -- kg

Sludge TH1 (Solid) 0.OOE+00 not reported kg

Sludge CWP1 (Solid) 0.OOE+00 not reported kg

Sludge CWP2 (Solid) 2.28E+03 not reported kg

Bi Sludge CWZr1 (Solid) 1.01E+02 not reported kg

Sludge MW1 (Solid) 3.37E-01 not reported kg

Sludge TBP (Solid) 4.53E+01 1.20E+01 kg

Total 2.42E+03 -- kg

Sludge CWP1 (Solid) 5.52E+02 5.54E+02 kg

Sludge CWP2 (Solid) 4.52E+03 not reported kg

Sludge CWZr1 (Solid) 2.01E+02 not reported kg

Ca Sludge MW1 (Solid) 9.34E+01 not reported kg

Sludge TBP (Solid) 2.35E+02 9.3 1E+1 kg

Sludge TH1 (Solid) 1.01E+03 not reported kg

Total 6.61E+03 -- kg

Sludge CWP1 (Solid) 5.30E+01 9.58E+01 kg

Sludge CWP2 (Solid) 1.36E+03 not reported kg

Sludge CWZr1 (Solid) 6.06E+01 not reported kg

Cl Sludge MW1 (Solid) 6.46E-01 not reported kg

Sludge TBP (Solid) 1.26E+02 8.17E+01 kg

Sludge TH1 (Solid) 1.88E+02 not reported kg

Total 1.79E+03 -- kg

CN No values reported in BB.
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Table F-1. Tank C-102 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge TH1 (Solid) 3.48E+01 not reported kg

Sludge CWP1 (Solid) 9.21E+O1 2.57E+02 kg

Sludge CWP2 (Solid) 4.79E+02 not reported kg

Cr * Sludge CWZr1 (Solid) 2.13E+01 not reported kg

Sludge MW1 (Solid) 9.37E-01 not reported kg

Sludge TBP (Solid) 1.47E+01 7.80E+00 kg

Total 6.43E+02 -- kg

Sludge CWP1 (Solid) 2.OOE+02 1.50E+03 kg

Sludge CWP2 (Solid) 3.53E+03 not reported kg

Sludge CWZr1 (Solid) 1.57E+02 not reported kg

F Sludge MW1 (Solid) O.OOE+00 not reported kg

Sludge TBP (Solid) 7.04E+O1 1.14E+02 kg

Sludge TH1 (Solid) 1.91E+02 not reported kg

Total 4.14E+03 -- kg

Sludge CWP1 (Solid) 1.47E+03 1.58E+03 kg

Sludge CWP2 (Solid) 7.91E+03 not reported kg

Sludge CWZr1 (Solid) 3.52E+02 not reported kg

Fe Sludge MW1 (Solid) 1.27E+02 not reported kg

Sludge TBP (Solid) 1.78E+03 2.89E+02 kg

Sludge TH1 (Solid) 5.99E+03 not reported kg

Total 1.76E+04 -- kg

Sludge CWP1 (Solid) O.OOE+00 not reported kg

Sludge CWP2 (Solid) O.OOE+00 not reported kg

Sludge CWZr1 (Solid) O.OOE+00 not reported kg

Hg Sludge MW1 (Solid) O.OOE+00 not reported kg

Sludge TBP (Solid) 6.05E+00 not reported kg

Sludge TH1 (Solid) O.OOE+00 not reported kg

Total 6.05E+00 -- kg

Sludge MW1 (Solid) 1.55E-01 not reported kg

Sludge TBP (Solid) 1.77E+01 9.22E+00 kg

Sludge CWP1 (Solid) 1.15E+O 1 not reported kg

K Sludge CWP2 (Solid) 1.03E+03 not reported kg

Sludge CWZr1 (Solid) 4.58E+01 not reported kg

Sludge TH1 (Solid) 9.09E+01 not reported kg

Total 1.20E+03 -- kg
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Table F-1. Tank C-102 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) O.OOE+00 not reported kg

Sludge CWZr1 (Solid) 4.9 1E+00 not reported kg

Sludge MW1 (Solid) O.OOE+00 not reported kg

La Sludge TBP (Solid) 3.17E+00 3.18E+00 kg

Sludge TH1 (Solid) O.OOE+00 not reported kg

Sludge CWP2 (Solid) 1.10E+02 not reported kg

Total 1.18E+02 -- kg

Sludge CWP1 (Solid) 6.19E+O1 5.70E+O1 kg

Sludge CWP2 (Solid) 1.36E+03 not reported kg

Sludge CWZr1 (Solid) 6.05E+01 not reported kg

Mn Sludge MW1 (Solid) O.OOE+00 not reported kg

Sludge TBP (Solid) 1.45E+01 5.15E+00 kg

Sludge TH1 (Solid) O.OOE+00 not reported kg

Total 1.50E+03 -- kg

Sludge CWP2 (Solid) 7.35E+04 not reported kg

Sludge CWZr1 (Solid) 3.27E+03 not reported kg

Sludge MW1 (Solid) 2.30E+03 not reported kg

Na Sludge TBP (Solid) 9.77E+03 1.88E+03 kg

Sludge TH1 (Solid) 9.16E+03 not reported kg

Sludge CWP1 (Solid) 8.35E+03 7.35E+03 kg

Total 1.06E+05 -- kg

Sludge CWZr1 (Solid) 2.62E+02 not reported kg

Sludge MW1 (Solid) 5.30E-01 not reported kg

Sludge TBP (Solid) 6.64E+00 1.07E+00 kg

Ni Sludge TH1 (Solid) 2.28E+02 not reported kg

Sludge CWP1 (Solid) 1.75E+01 not reported kg

Sludge CWP2 (Solid) 5.89E+03 not reported kg

Total 6.41E+03 -- kg

Sludge CWP1 (Solid) 1.51E+03 3.15E+03 kg

Sludge CWP2 (Solid) 1.20E+04 not reported kg

Sludge CWZr1 (Solid) 5.3 1E+02 not reported kg

NO 2 * Sludge MW1 (Solid) 1.86E+01 not reported kg

Sludge TBP (Solid) 1.15E+03 8.36E+02 kg

Sludge TH1 (Solid) 3.83E+03 not reported kg

Total 1.90E+04 -- kg
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Table F-1. Tank C-102 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 1.10E+03 4.34E+03 kg

Sludge CWP2 (Solid) 3.66E+04 not reported kg

Sludge CWZr1 (Solid) 1.63E+03 not reported kg

NO 3  Sludge MW1 (Solid) 3.93E+01 not reported kg

Sludge TBP (Solid) 1.67E+04 5.25E+03 kg

Sludge TH1 (Solid) 9.18E+03 not reported kg

Total 6.52E+04 -- kg

Sludge TBP (Solid) 3.66E+01 not reported kg

Sludge TH1 (Solid) 1.87E+01 not reported kg

Sludge CWP1 (Solid) 2.13E+02 not reported kg

Oxalate Sludge CWP2 (Solid) 4.34E+02 not reported kg

Sludge CWZr1 (Solid) 2.96E+01 not reported kg

Sludge MW1 (Solid) O.OOE+00 not reported kg

Total 7.3 1E+02 -- kg

Sludge TH1 (Solid) O.OOE+00 not reported kg

Sludge CWP1 (Solid) 7.76E+02 2.28E+03 kg

Sludge CWP2 (Solid) 7.62E+02 not reported kg

Pb Sludge CWZr1 (Solid) 3.39E+01 not reported kg

Sludge MW1 (Solid) O.OOE+00 not reported kg

Sludge TBP (Solid) 4.21E+01 2.64E+O1 kg

Total 1.61E+03 -- kg

Sludge CWP1 (Solid) 5.11E+02 2.72E+03 kg

Sludge CWP2 (Solid) 2.49E+03 not reported kg

Sludge CWZr1 (Solid) 1.11E+02 not reported kg

PO4  Sludge MW1 (Solid) 1.77E+03 not reported kg

Sludge TBP (Solid) 7.72E+03 2.87E+03 kg

Sludge TH1 (Solid) 3.76E+03 not reported kg

Total 1.64E+04 -- kg

Sludge CWP1 (Solid) 1.70E+03 1.22E+03 kg

Sludge CWP2 (Solid) 3.20E+04 not reported kg

Sludge CWZr1 (Solid) 1.42E+03 not reported kg

Si Sludge MW1 (Solid) 6.33E-01 not reported kg

Sludge TBP (Solid) 4.89E+01 2.42E+O1 kg

Sludge TH1 (Solid) O.OOE+00 not reported kg

Total 3.52E+04 -- kg
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Table F-1. Tank C-102 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 4.12E+02 2.61E+02 kg

Sludge CWP2 (Solid) 3.08E+03 not reported kg

Sludge CWZr1 (Solid) 1.37E+02 not reported kg

SO 4  Sludge MW1 (Solid) 1.56E+03 not reported kg

Sludge TBP (Solid) 1.57E+03 1.80E+03 kg

Sludge TH1 (Solid) 4.35E+02 not reported kg

Total 7.20E+03 -- kg

Sludge CWP1 (Solid) 4.18E+01 4.3 1E+1 kg

Sludge CWP2 (Solid) 6.20E+01 not reported kg

Sludge CWZr1 (Solid) 2.76E+00 not reported kg

Sr Sludge MW1 (Solid) 3.17E-02 not reported kg

Sludge TBP (Solid) 4.75E+01 1.60E+01 kg

Sludge TH1 (Solid) 3.01E-01 not reported kg

Total 1.54E+02 -- kg

Sludge CWP2 (Solid) 6.7 1E+04 not reported kg

Sludge CWZr1 (Solid) 2.98E+03 not reported kg

Sludge MW1 (Solid) 4.5 1E+02 not reported kg
TIC as Sludge TBP (Solid) 1.34E+02 6.73E+01 kg

Sludge TH1 (Solid) 1.50E+03 not reported kg

Sludge CWP1 (Solid) 3.40E+03 2.32E+03 kg

Total 7.55E+04 -- kg

Sludge CWP1 (Solid) 6.83E+02 1.14E+03 kg

Sludge CWP2 (Solid) 1.02E+03 not reported kg

Sludge CWZr1 (Solid) 4.54E+01 not reported kg

TOC Sludge MW1 (Solid) 0.OOE+00 not reported kg

Sludge TBP (Solid) 6.10E+01 2.06E+01 kg

Sludge TH1 (Solid) 4.73E+01 not reported kg

Total 1.86E+03 -- kg

Sludge CWZr1 (Solid) 8.93E+01 not reported kg

Sludge MW1 (Solid) 8.89E+03 not reported kg

Sludge CWP2 (Solid) 2.01E+03 not reported kg

U TOTAL Sludge TBP (Solid) 1.05E+03 4.15E+02 kg

Sludge TH1 (Solid) 1.17E+01 not reported kg

Sludge CWP1 (Solid) 3.46E+03 6.01E+04 kg

Total 1.55E+04 -- kg
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Table F-1. Tank C-102 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge TH1 (Solid) O.OOE+00 not reported kg

Sludge CWP1 (Solid) 9.76E+01 1.54E+02 kg

Sludge CWP2 (Solid) 4.85E+03 not reported kg

Zr Sludge CWZr1 (Solid) 2.16E+02 not reported kg

Sludge MW1 (Solid) O.OOE+00 not reported kg

Sludge TBP (Solid) 7.71E-01 3.68E-01 kg

Total 5.16E+03 -- kg

Note: Reference download from http://twinsweb.pnl.gov/data dated 2/1/05.
CWP1 = aluminum cladding waste.
TBP = tributyl phosphate.
TIC = total inorganic carbon.
TOC = total organic carbon.
* Indicator constituents as identified in Section 7.1.1.1.
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Table F-2. Tank C-104 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 2.05E-10 not reported Ci

Sludge CWP2 (Solid) 2.05E-08 not reported Ci

Sludge CWZr1 (Solid) 3.82E-07 not reported Ci
106Ru Sludge NA 1.80E-04 not reported Ci

Sludge OWW3 (Solid) 2.49E-09 not reported Ci

Sludge TH2 (Solid) 9.31E-08 not reported Ci

Total 1.80E-04 -- Ci

Sludge CWP1 (Solid) 7.35E-01 not reported Ci

Sludge CWP2 (Solid) 3.89E-01 not reported Ci

Sludge CWZr1 (Solid) 5.76E-02 not reported Ci
ll3mCd Sludge NA 1.79E+00 not reported Ci

Sludge OWW3 (Solid) 2.22E-04 not reported Ci

Sludge TH2 (Solid) 1.30E-01 not reported Ci

Total 3.10E+00 -- Ci

Sludge CWP1 (Solid) 2.75E+01 6.64E+00 Ci

Sludge CWP2 (Solid) 1.93E+01 4.66E+00 Ci

Sludge CWZr1 (Solid) 7.59E+00 1.83E+00 Ci

1Sb Sludge NA 1.28E+01 3.09E+00 Ci

Sludge OWW3 (Solid) 8.69E+00 2.10E+00 Ci

Sludge TH2 (Solid) 6.75E+00 1.63E+00 Ci

Total 8.27E+01 -- Ci

Sludge NA 7.01E-02 not reported Ci

Sludge OWW3 (Solid) 1.26E-05 not reported Ci

Sludge TH2 (Solid) 8.06E-03 not reported Ci
126Sn Sludge CWP1 (Solid) 1.09E-03 not reported Ci

Sludge CWP2 (Solid) 4.45E-04 not reported Ci

Sludge CWZr1 (Solid) 3.25E-03 not reported Ci

Total 8.29E-02 -- Ci

Sludge CWP1 (Solid) 2.49E-01 3.30E-02 Ci

Sludge CWP2 (Solid) 1.75E-01 2.32E-02 Ci

Sludge CWZr1 (Solid) 6.88E-02 9.13E-03 Ci

1291 Sludge NA 1.16E-01 1.54E-02 Ci

Sludge OWW3 (Solid) 7.87E-02 1.04E-02 Ci

Sludge TH2 (Solid) 6.12E-02 8.12E-03 Ci

Total 7.49E-01 -- Ci
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Table F-2. Tank C-104 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge NA 2.46E-02 not reported Ci

Sludge OWW3 (Solid) 1.17E-05 not reported Ci

Sludge TH2 (Solid) 1.90E-03 not reported Ci
134Cs Sludge CWP1 (Solid) 1.83E-05 not reported Ci

Sludge CWP2 (Solid) 1.11E-04 not reported Ci

Sludge CWZr1 (Solid) 2.75E-02 not reported Ci

Total 5.41E-02 -- Ci

Sludge CWP1 (Solid) 2.95E+04 6.96E+03 Ci

Sludge CWP2 (Solid) 2.07E+04 4.89E+03 Ci

Sludge CWZr1 (Solid) 8.14E+03 1.92E+03 Ci

"3Cs Sludge TH2 (Solid) 7.23E+03 1.71E+03 Ci

Sludge NA 1.37E+04 3.23E+03 Ci

Sludge OWW3 (Solid) 9.3 1E+03 2.20E+03 Ci

Total 8.86E+04 -- Ci

Sludge CWP1 (Solid) 2.78E+04 not reported Ci

Sludge CWP2 (Solid) 1.95E+04 not reported Ci

Sludge CWZr1 (Solid) 7.68E+03 not reported Ci

"7"'Ba Sludge NA 1.30E+04 not reported Ci

Sludge OWW3 (Solid) 8.79E+03 not reported Ci

Sludge TH2 (Solid) 6.83E+03 not reported Ci

Total 8.36E+04 -- Ci

Sludge OWW3 (Solid) 1.94E-01 1.95E-01 Ci

Sludge TH2 (Solid) 1.50E-01 1.51E-01 Ci

Sludge CWP1 (Solid) 6.13E-01 6.15E-01 Ci

1C Sludge CWP2 (Solid) 4.31E-01 4.33E-01 Ci

Sludge CWZr1 (Solid) 1.69E-01 1.70E-01 Ci

Sludge NA 2.86E-01 2.87E-01 Ci

Total 1.84E+00 -- Ci

Sludge CWZr1 (Solid) 1.97E+01 not reported Ci

Sludge NA 5.72E+04 not reported Ci

Sludge OWW3 (Solid) 1.11E-01 not reported Ci

1Sm Sludge TH2 (Solid) 2.80E+01 not reported Ci

Sludge CWP1 (Solid) 1.10E+01 not reported Ci

Sludge CWP2 (Solid) 4.34E+00 not reported Ci

Total 5.73E+04 -- Ci
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Table F-2. Tank C-104 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 1.31E-03 not reported Ci

Sludge CWP2 (Solid) 9.81E-04 not reported Ci

Sludge CWZr1 (Solid) 2.51E-02 not reported Ci

12Eu Sludge NA 1.53E+01 not reported Ci

Sludge OWW3 (Solid) 6.25E-05 not reported Ci

Sludge TH2 (Solid) 7.93E-03 not reported Ci

Total 1.53E+01 -- Ci

Sludge CWP1 (Solid) 2.84E+02 2.52E+01 Ci

Sludge CWP2 (Solid) 2.OOE+02 1.77E+01 Ci

Sludge CWZr1 (Solid) 7.85E+01 6.96E+00 Ci

"4Eu Sludge NA 1.33E+02 1.18E+01 Ci

Sludge OWW3 (Solid) 8.98E+01 7.96E+00 Ci

Sludge TH2 (Solid) 6.97E+01 6.17E+00 Ci

Total 8.54E+02 -- Ci

Sludge CWP1 (Solid) 1.71E+02 1.53E+01 Ci

Sludge CWP2 (Solid) 1.20E+02 1.08E+01 Ci

Sludge CWZr1 (Solid) 4.72E+O1 4.23E+00 Ci

15Eu Sludge NA 7.97E+01 7.14E+00 Ci

Sludge OWW3 (Solid) 5.40E+O1 4.84E+00 Ci

Sludge TH2 (Solid) 4.20E+O1 3.76E+00 Ci

Total 5.14E+02 -- Ci

Sludge CWP1 (Solid) 3.49E-07 not reported Ci

Sludge CWP2 (Solid) 5.12E-07 not reported Ci

Sludge CWZr1 (Solid) 2.1 1E-07 not reported Ci

226Ra Sludge NA 5.21E-06 not reported Ci

Sludge OWW3 (Solid) 2.50E-10 not reported Ci

Sludge TH2 (Solid) 1.25E-04 not reported Ci

Total 1.31E-04 -- Ci

Sludge CWP1 (Solid) 1.89E-06 not reported Ci

Sludge CWP2 (Solid) 7.75E-03 not reported Ci

Sludge CWZr1 (Solid) 1.45E-06 not reported Ci

mAc Sludge NA 1.33E-04 not reported Ci

Sludge OWW3 (Solid) 7.05E-07 not reported Ci

Sludge TH2 (Solid) 2.01E+00 not reported Ci

Total 2.02E+00 -- Ci
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Table F-2. Tank C-104 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge OWW3 (Solid) 2.07E-01 not reported Ci

Sludge TH2 (Solid) 4.63E-01 not reported Ci

Sludge CWP1 (Solid) 4.37E-01 not reported Ci
228Ra Sludge CWP2 (Solid) 3.49E-01 not reported Ci

Sludge CWZr1 (Solid) 2.32E-01 not reported Ci

Sludge NA 2.74E-01 not reported Ci

Total 1.96E+00 -- Ci

Sludge CWP1 (Solid) 5.87E-10 not reported Ci

Sludge CWP2 (Solid) 4.OOE-02 not reported Ci

Sludge CWZr1 (Solid) 9.40E-10 not reported Ci

229Th Sludge NA 1.37E-06 not reported Ci

Sludge OWW3 (Solid) 1.57E-07 not reported Ci

Sludge TH2 (Solid) 5.13E-01 not reported Ci

Total 5.53E-01 -- Ci

Sludge CWP1 (Solid) 3.74E-06 not reported Ci

Sludge CWP2 (Solid) 4.04E-04 not reported Ci

Sludge CWZr1 (Solid) 3.25E-06 not reported Ci

2Pa Sludge NA 1.19E-03 not reported Ci

Sludge OWW3 (Solid) 1.04E-06 not reported Ci

Sludge TH2 (Solid) 1.68E-01 not reported Ci

Total 1.70E-01 -- Ci

Sludge CWP1 (Solid) 1.85E+00 1.64E-01 Ci

Sludge CWP2 (Solid) 1.30E+00 1.15E-01 Ci

Sludge CWZr1 (Solid) 5.10E-01 4.52E-02 Ci

2Th Sludge NA 8.61E-01 7.62E-02 Ci

Sludge OWW3 (Solid) 5.83E-01 5.16E-02 Ci

Sludge TH2 (Solid) 4.53E-01 4.01E-02 Ci

Total 5.55E+00 -- Ci

Sludge CWP1 (Solid) 1.34E-04 not reported Ci

Sludge CWP2 (Solid) 6.39E-02 not reported Ci

Sludge CWZr1 (Solid) 1.31E-04 not reported Ci

2U Sludge NA 2.45E-01 not reported Ci

Sludge OWW3 (Solid) 1.62E-01 not reported Ci

Sludge TH2 (Solid) 1.45E+00 not reported Ci

Total 1.92E+00 -- Ci
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Table F-2. Tank C-104 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge TH2 (Solid) 3.35E+01 3.09E+00 Ci

Sludge OWW3 (Solid) 4.32E+01 3.98E+00 Ci

Sludge CWP1 (Solid) 1.37E+02 1.26E+01 Ci

2U Sludge CWP2 (Solid) 9.60E+O1 8.85E+00 Ci

Sludge CWZr1 (Solid) 3.77E+01 3.47E+00 Ci

Sludge NA 6.37E+O1 5.87E+00 Ci

Total 4.11E+02 -- Ci

Sludge CWP1 (Solid) 6.87E+00 1.47E+00 Ci

Sludge CWP2 (Solid) 4.83E+00 1.04E+00 Ci

Sludge CWZr1 (Solid) 1.90E+00 4.07E-01 Ci

24U Sludge NA 3.20E+00 6.86E-01 Ci

Sludge OWW3 (Solid) 2.17E+00 4.65E-01 Ci

Sludge TH2 (Solid) 1.69E+00 3.62E-01 Ci

Total 2.07E+01 -- Ci

Sludge CWP1 (Solid) 1.99E-01 1.88E-02 Ci

Sludge CWP2 (Solid) 1.40E-01 1.32E-02 Ci

Sludge CWZr1 (Solid) 5.50E-02 5.18E-03 Ci

2U Sludge NA 9.29E-02 8.74E-03 Ci

Sludge OWW3 (Solid) 6.30E-02 5.93E-03 Ci

Sludge TH2 (Solid) 4.89E-02 4.60E-03 Ci

Total 5.99E-01 -- Ci

Sludge CWP1 (Solid) 2.26E-01 2.49E-02 Ci

Sludge CWP2 (Solid) 1.59E-01 1.75E-02 Ci

Sludge CWZr1 (Solid) 6.24E-02 6.86E-03 Ci

236U Sludge NA 1.05E-01 1.15E-02 Ci

Sludge OWW3 (Solid) 7.15E-02 7.86E-03 Ci

Sludge TH2 (Solid) 5.55E-02 6.10E-03 Ci

Total 6.80E-01 -- Ci

Sludge CWP1 (Solid) 1.45E+00 1.39E-01 Ci

Sludge CWP2 (Solid) 1.02E+00 9.81E-02 Ci

Sludge CWZr1 (Solid) 4.01E-01 3.85E-02 Ci

237Np Sludge NA 6.77E-01 6.50E-02 Ci

Sludge OWW3 (Solid) 4.59E-01 4.41E-02 Ci

Sludge TH2 (Solid) 3.56E-01 3.42E-02 Ci

Total 4.36E+00 -- Ci
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Table F-2. Tank C-104 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 3.09E+01 not reported Ci

Sludge CWP2 (Solid) 2.90E+O1 not reported Ci

Sludge CWZr1 (Solid) 4.28E+01 not reported Ci
238Pu Sludge NA 6.28E+01 not reported Ci

Sludge OWW3 (Solid) 5.59E+01 not reported Ci

Sludge TH2 (Solid) 7.59E+00 not reported Ci

Total 2.29E+02 -- Ci

Sludge CWZr1 (Solid) 1.07E+00 9.49E-02 Ci

Sludge TH2 (Solid) 9.52E-01 8.44E-02 Ci

Sludge NA 1.81E+00 1.60E-01 Ci
U Sludge OWW3 (Solid) 1.23E+00 1.09E-01 Ci

Sludge CWP1 (Solid) 3.88E+00 3.44E-01 Ci

Sludge CWP2 (Solid) 2.72E+00 2.41E-01 Ci

Total 1.17E+O1 -- Ci

Sludge CWP1 (Solid) 1.79E+03 not reported Ci

Sludge CWP2 (Solid) 1.23E+03 not reported Ci

Sludge CWZr1 (Solid) 4.31E+02 not reported Ci

239Pu Sludge NA 7.76E+02 not reported Ci

Sludge OWW3 (Solid) 5.07E+02 not reported Ci

Sludge TH2 (Solid) 4.40E+02 not reported Ci

Total 5.18E+03 -- Ci

Sludge CWP1 (Solid) 3.73E+02 not reported Ci

Sludge CWP2 (Solid) 2.91E+02 not reported Ci

Sludge CWZr1 (Solid) 1.67E+02 not reported Ci
240Pu Sludge NA 2.34E+02 not reported Ci

Sludge OWW3 (Solid) 1.77E+02 not reported Ci

Sludge TH2 (Solid) 9.15E+01 not reported Ci

Total 1.33E+03 -- Ci

Sludge NA 1.OOE+03 1.58E+02 Ci

Sludge OWW3 (Solid) 6.88E+02 1.09E+02 Ci

Sludge TH2 (Solid) 5.09E+02 8.06E+01 Ci

241Am Sludge CWP1 (Solid) 2.07E+03 3.28E+02 Ci

Sludge CWP2 (Solid) 1.47E+03 2.33E+02 Ci

Sludge CWZr1 (Solid) 6.07E+02 9.62E+O1 Ci

Total 6.34E+03 -- Ci

F-21



RPP-22393, Rev. 7

Table F-2. Tank C-104 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge TH2 (Solid) 3.43E+02 not reported Ci

Sludge CWP1 (Solid) 1.40E+03 not reported Ci

Sludge CWP2 (Solid) 1.82E+03 not reported Ci
241Pu Sludge CWZr1 (Solid) 2.94E+03 not reported Ci

Sludge NA 3.14E+03 not reported Ci

Sludge OWW3 (Solid) 2.90E+03 not reported Ci

Total 1.25E+04 -- Ci

Sludge OWW3 (Solid) 1.01E+00 not reported Ci

Sludge TH2 (Solid) 1.69E-02 not reported Ci

Sludge CWP1 (Solid) 6.90E-02 not reported Ci

242CM Sludge CWP2 (Solid) 6.70E-02 not reported Ci

Sludge CWZr1 (Solid) 9.60E-02 not reported Ci

Sludge NA 8.09E-01 not reported Ci

Total 2.07E+00 -- Ci

Sludge NA 3.21E-02 not reported Ci

Sludge OWW3 (Solid) 3.03E-02 not reported Ci

Sludge TH2 (Solid) 2.85E-03 not reported Ci

242Pu Sludge CWP1 (Solid) 1.16E-02 not reported Ci

Sludge CWP2 (Solid) 1.48E-02 not reported Ci

Sludge CWZr1 (Solid) 3.22E-02 not reported Ci

Total 1.24E-01 -- Ci

Sludge CWP1 (Solid) 4.1 1E-02 not reported Ci

Sludge CWP2 (Solid) 4.35E-02 not reported Ci

Sludge CWZr1 (Solid) 6.34E-02 not reported Ci
243Am Sludge NA 5.91E-01 not reported Ci

Sludge OWW3 (Solid) 6.26E-01 not reported Ci

Sludge TH2 (Solid) 1.01E-02 not reported Ci

Total 1.38E+00 -- Ci

Sludge CWZr1 (Solid) 2.55E-02 not reported Ci

Sludge NA 5.82E-02 not reported Ci

Sludge OWW3 (Solid) 9.52E-02 not reported Ci

243Cm Sludge TH2 (Solid) 2.99E-04 not reported Ci

Sludge CWP1 (Solid) 1.22E-03 not reported Ci

Sludge CWP2 (Solid) 3.3 1E-03 not reported Ci

Total 1.84E-01 -- Ci
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Table F-2. Tank C-104 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWZr1 (Solid) 5.25E-01 not reported Ci

Sludge NA 1.34E+00 not reported Ci

Sludge OWW3 (Solid) 2.10E+00 not reported Ci

244Cm Sludge TH2 (Solid) 7.48E-03 not reported Ci

Sludge CWP1 (Solid) 3.05E-02 not reported Ci

Sludge CWP2 (Solid) 9.81E-02 not reported Ci

Total 4.11E+00 -- Ci

Sludge CWP1 (Solid) 1.57E+01 1.07E+01 Ci

Sludge CWP2 (Solid) 1.10E+01 7.52E+00 Ci

Sludge CWZr1 (Solid) 4.33E+00 2.96E+00 Ci

3H Sludge NA 7.3 1E+00 4.99E+00 Ci

Sludge OWW3 (Solid) 4.95E+00 3.38E+00 Ci

Sludge TH2 (Solid) 3.85E+00 2.63E+00 Ci

Total 4.71E+01 -- Ci

Sludge CWP1 (Solid) 2.52E+00 not reported Ci

Sludge CWP2 (Solid) 1.75E+00 not reported Ci

Sludge CWZr1 (Solid) 2.64E-02 not reported Ci

59Ni Sludge NA 1.38E+00 not reported Ci

Sludge OWW3 (Solid) 9.83E-04 not reported Ci

Sludge TH2 (Solid) 7.15E-03 not reported Ci

Total 5.68E+00 -- Ci

Sludge CWZr1 (Solid) 1.67E+01 1.48E+00 Ci

Sludge NA 2.82E+01 2.49E+00 Ci

Sludge OWW3 (Solid) 1.91E+01 1.69E+00 Ci
60Co Sludge TH2 (Solid) 1.48E+01 1.31E+00 Ci

Sludge CWP1 (Solid) 6.05E+01 5.36E+00 Ci

Sludge CWP2 (Solid) 4.25E+01 3.76E+00 Ci

Total 1.82E+02 -- Ci

Sludge CWP1 (Solid) 2.3 1E+02 not reported Ci

Sludge CWP2 (Solid) 1.65E+02 not reported Ci

Sludge CWZr1 (Solid) 2.25E+00 not reported Ci

63Ni Sludge NA 1.29E+02 not reported Ci

Sludge OWW3 (Solid) 9.27E-02 not reported Ci

Sludge TH2 (Solid) 6.10E-01 not reported Ci

Total 5.28E+02 -- Ci
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Table F-2. Tank C-104 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 2.12E+00 1.91E-01 Ci

Sludge CWP2 (Solid) 1.49E+00 1.35E-01 Ci

Sludge CWZr1 (Solid) 5.85E-01 5.28E-02 Ci
7 9 Se Sludge NA 9.88E-01 8.91E-02 Ci

Sludge OWW3 (Solid) 6.70E-01 6.05E-02 Ci

Sludge TH2 (Solid) 5.20E-01 4.69E-02 Ci

Total 6.37E+00 -- Ci

Sludge CWP1 (Solid) 1.49E+05 1.37E+04 Ci

Sludge CWP2 (Solid) 1.04E+05 9.57E+03 Ci

Sludge CWZr1 (Solid) 4.11E+04 3.78E+03 Ci
90Sr Sludge NA 6.93E+04 6.37E+03 Ci

Sludge OWW3 (Solid) 4.70E+04 4.32E+03 Ci

Sludge TH2 (Solid) 3.65E+04 3.36E+03 Ci

Total 4.47E+05 -- Ci

Sludge TH2 (Solid) 3.65E+04 not reported Ci

Sludge CWP1 (Solid) 1.49E+05 not reported Ci

Sludge CWP2 (Solid) 1.04E+05 not reported Ci

90Y Sludge CWZr1 (Solid) 4.1 1E+04 not reported Ci

Sludge NA 6.93E+04 not reported Ci

Sludge OWW3 (Solid) 4.70E+04 not reported Ci

Total 4.47E+05 -- Ci

Sludge CWP1 (Solid) 1.36E-02 not reported Ci

Sludge CWP2 (Solid) 5.05E-03 not reported Ci

Sludge CWZr1 (Solid) 5.65E-01 not reported Ci

93mNb Sludge NA 8.14E-01 not reported Ci

Sludge OWW3 (Solid) 1.35E-04 not reported Ci

Sludge TH2 (Solid) 5.12E-02 not reported Ci

Total 1.45E+00 -- Ci

Sludge CWP1 (Solid) 1.58E-02 not reported Ci

Sludge CWP2 (Solid) 6.21E-03 not reported Ci

Sludge CWZr1 (Solid) 7.07E-01 not reported Ci

93Zr Sludge NA 9.95E-01 not reported Ci

Sludge OWW3 (Solid) 1.73E-04 not reported Ci

Sludge TH2 (Solid) 6.54E-02 not reported Ci

Total 1.79E+00 -- Ci
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Table F-2. Tank C-104 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 1.92E+01 1.91E+00 Ci

Sludge CWP2 (Solid) 1.35E+01 1.34E+00 Ci

Sludge CWZr1 (Solid) 5.29E+00 5.25E-01 Ci
9 9 Tc * Sludge NA 8.94E+00 8.87E-01 Ci

Sludge OWW3 (Solid) 6.06E+00 6.01E-01 Ci

Sludge TH2 (Solid) 4.70E+00 4.66E-01 Ci

Total 5.76E+01 -- Ci

Sludge TH2 (Solid) 7.3 1E+03 3.19E+03 kg

Sludge CWP1 (Solid) 2.98E+04 1.30E+04 kg

Sludge CWP2 (Solid) 2.09E+04 9.13E+03 kg

Al Sludge CWZr1 (Solid) 8.23E+03 3.59E+03 kg

Sludge NA 1.39E+04 6.07E+03 kg

Sludge OWW3 (Solid) 9.42E+03 4.11E+03 kg

Total 8.96E+04 -- kg

Sludge NA 7.01E-01 not reported kg

Sludge CWP1 (Solid) O.OOE+00 not reported kg

Sludge CWP2 (Solid) O.OOE+00 not reported kg

Bi Sludge CWZr1 (Solid) O.OOE+00 not reported kg

Sludge OWW3 (Solid) O.OOE+00 not reported kg

Sludge TH2 (Solid) O.OOE+00 not reported kg

Total 7.01E-01 -- kg

Sludge OWW3 (Solid) 3.12E+02 5.92E+O1 kg

Sludge TH2 (Solid) 2.42E+02 4.59E+01 kg

Sludge NA 4.60E+02 8.72E+O1 kg

Ca Sludge CWP1 (Solid) 9.87E+02 1.87E+02 kg

Sludge CWP2 (Solid) 6.93E+02 1.31E+02 kg

Sludge CWZr1 (Solid) 2.73E+02 5.18E+01 kg

Total 2.97E+03 -- kg

Sludge CWP1 (Solid) 2.65E+02 1.48E+02 kg

Sludge CWP2 (Solid) 1.86E+02 1.04E+02 kg

Sludge CWZr1 (Solid) 7.30E+01 4.07E+01 kg

Cl Sludge NA 1.23E+02 6.85E+01 kg

Sludge OWW3 (Solid) 8.36E+O1 4.66E+01 kg

Sludge TH2 (Solid) 6.49E+01 3.62E+O1 kg

Total 7.95E+02 -- kg
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Table F-2. Tank C-104 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 6.90E+00 8.97E-01 kg

Sludge CWP2 (Solid) 4.85E+00 6.30E-01 kg

Sludge CWZr1 (Solid) 1.91E+00 2.48E-01 kg

CN Sludge NA 3.22E+00 4.18E-01 kg

Sludge OWW3 (Solid) 2.18E+00 2.83E-01 kg

Sludge TH2 (Solid) 1.69E+00 2.20E-01 kg

Total 2.07E+01 -- kg

Sludge CWP1 (Solid) 4.83E+02 5.01E+01 kg

Sludge CWP2 (Solid) 3.39E+02 3.52E+01 kg

Sludge CWZr1 (Solid) 1.33E+02 1.38E+01 kg

Cr* Sludge NA 2.25E+02 2.33E+O1 kg

Sludge OWW3 (Solid) 1.53E+02 1.59E+01 kg

Sludge TH2 (Solid) 1.19E+02 1.23E+01 kg

Total 1.45E+03 -- kg

Sludge CWP1 (Solid) 1.14E+04 3.79E+03 kg

Sludge CWP2 (Solid) 8.04E+03 2.67E+03 kg

Sludge CWZr1 (Solid) 3.16E+03 1.05E+03 kg

F Sludge NA 5.33E+03 1.77E+03 kg

Sludge OWW3 (Solid) 3.61E+03 1.20E+03 kg

Sludge TH2 (Solid) 2.81E+03 9.33E+02 kg

Total 3.44E+04 -- kg

Sludge CWP1 (Solid) 9.12E+03 1.21E+03 kg

Sludge CWP2 (Solid) 6.41E+03 8.51E+02 kg

Sludge CWZr1 (Solid) 2.52E+03 3.35E+02 kg

Fe Sludge NA 4.25E+03 5.64E+02 kg

Sludge OWW3 (Solid) 2.88E+03 3.82E+02 kg

Sludge TH2 (Solid) 2.24E+03 2.97E+02 kg

Total 2.74E+04 -- kg

Sludge CWP1 (Solid) 2.23E+01 1.99E+00 kg

Sludge CWP2 (Solid) 1.56E+01 1.39E+00 kg

Sludge CWZr1 (Solid) 6.15E+00 5.48E-01 kg

Hg Sludge NA 1.04E+01 9.26E-01 kg

Sludge OWW3 (Solid) 7.03E+00 6.26E-01 kg

Sludge TH2 (Solid) 5.46E+00 4.86E-01 kg

Total 6.69E+01 -- kg
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Table F-2. Tank C-104 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 4.40E+02 1.05E+02 kg

Sludge CWP2 (Solid) 3.09E+02 7.35E+01 kg

Sludge CWZr1 (Solid) 1.22E+02 2.90E+O1 kg

K Sludge NA 2.05E+02 4.88E+01 kg

Sludge OWW3 (Solid) 1.39E+02 3.31E+O1 kg

Sludge TH2 (Solid) 1.08E+02 2.57E+01 kg

Total 1.32E+03 -- kg

Sludge CWP1 (Solid) 1.61E+01 1.81E+00 kg

Sludge CWP2 (Solid) 1.13E+01 1.27E+00 kg

Sludge CWZr1 (Solid) 4.44E+00 4.98E-01 kg

La Sludge NA 7.50E+00 8.40E-01 kg

Sludge OWW3 (Solid) 5.08E+00 5.69E-01 kg

Sludge TH2 (Solid) 3.95E+00 4.43E-01 kg

Total 4.84E+01 -- kg

Sludge TH2 (Solid) 5.69E+02 1.29E+02 kg

Sludge CWP1 (Solid) 2.32E+03 5.26E+02 kg

Sludge CWP2 (Solid) 1.63E+03 3.70E+02 kg

Mn Sludge CWZr1 (Solid) 6.40E+02 1.45E+02 kg

Sludge NA 1.08E+03 2.45E+02 kg

Sludge OWW3 (Solid) 7.33E+02 1.66E+02 kg

Total 6.97E+03 -- kg

Sludge CWP1 (Solid) 5.89E+04 5.28E+03 kg

Sludge CWP2 (Solid) 4.14E+04 3.71E+03 kg

Sludge CWZr1 (Solid) 1.63E+04 1.46E+03 kg

Na Sludge NA 2.75E+04 2.46E+03 kg

Sludge OWW3 (Solid) 1.86E+04 1.66E+03 kg

Sludge TH2 (Solid) 1.44E+04 1.29E+03 kg

Total 1.77E+05 -- kg

Sludge CWP1 (Solid) 8.71E+02 1.15E+02 kg

Sludge CWP2 (Solid) 6.12E+02 8.06E+01 kg

Sludge CWZr1 (Solid) 2.40E+02 3.16E+O1 kg

Ni Sludge NA 4.06E+02 5.34E+01 kg

Sludge OWW3 (Solid) 2.75E+02 3.62E+O1 kg

Sludge TH2 (Solid) 2.14E+02 2.82E+01 kg

Total 2.62E+03 -- kg
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Table F-2. Tank C-104 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 1.21E+04 3.41E+03 kg

Sludge CWP2 (Solid) 8.48E+03 2.39E+03 kg

Sludge CWZr1 (Solid) 3.33E+03 9.39E+02 kg

NO 2 * Sludge NA 5.63E+03 1.59E+03 kg

Sludge OWW3 (Solid) 3.81E+03 1.07E+03 kg

Sludge TH2 (Solid) 2.96E+03 8.35E+02 kg

Total 3.63E+04 -- kg

Sludge CWP2 (Solid) 4.55E+03 1.42E+03 kg

Sludge CWZr1 (Solid) 1.79E+03 5.60E+02 kg

Sludge NA 3.02E+03 9.45E+02 kg

NO 3  Sludge OWW3 (Solid) 2.04E+03 6.38E+02 kg

Sludge TH2 (Solid) 1.59E+03 4.97E+02 kg

Sludge CWP1 (Solid) 6.47E+03 2.02E+03 kg

Total 1.95E+04 -- kg

Sludge CWP1 (Solid) 1.86E+03 4.18E+02 kg

Sludge CWP2 (Solid) 1.30E+03 2.92E+02 kg

Sludge CWZr1 (Solid) 5.12E+02 1.15E+02 kg

Oxalate Sludge NA 8.65E+02 1.94E+02 kg

Sludge OWW3 (Solid) 5.86E+02 1.32E+02 kg

Sludge TH2 (Solid) 4.55E+02 1.02E+02 kg

Total 5.58E+03 -- kg

Sludge TH2 (Solid) 6.79E+01 6.17E+00 kg

Sludge CWP1 (Solid) 2.77E+02 2.52E+01 kg

Sludge CWP2 (Solid) 1.94E+02 1.76E+01 kg

Pb Sludge CWZr1 (Solid) 7.64E+O1 6.95E+00 kg

Sludge NA 1.29E+02 1.17E+O1 kg

Sludge OWW3 (Solid) 8.74E+O1 7.95E+00 kg

Total 8.32E+02 -- kg

Sludge CWP1 (Solid) 1.06E+03 1.33E+02 kg

Sludge CWP2 (Solid) 7.45E+02 9.33E+O1 kg

Sludge CWZr1 (Solid) 2.93E+02 3.67E+01 kg

PO4  Sludge NA 4.94E+02 6.18E+01 kg

Sludge OWW3 (Solid) 3.35E+02 4.19E+O1 kg

Sludge TH2 (Solid) 2.60E+02 3.25E+01 kg

Total 3.19E+03 -- kg
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Table F-2. Tank C-104 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge OWW3 (Solid) 1.07E+03 4.54E+02 kg

Sludge TH2 (Solid) 8.30E+02 3.52E+02 kg

Sludge CWP1 (Solid) 3.38E+03 1.43E+03 kg

Si Sludge CWP2 (Solid) 2.38E+03 1.01E+03 kg

Sludge CWZr1 (Solid) 9.34E+02 3.96E+02 kg

Sludge NA 1.58E+03 6.70E+02 kg

Total 1.02E+04 -- kg

Sludge CWP1 (Solid) 1.13E+03 1.OOE+02 kg

Sludge CWP2 (Solid) 7.94E+02 7.04E+O1 kg

Sludge CWZr1 (Solid) 3.12E+02 2.77E+01 kg

SO 4  Sludge NA 5.27E+02 4.67E+01 kg

Sludge OWW3 (Solid) 3.57E+02 3.17E+O1 kg

Sludge TH2 (Solid) 2.77E+02 2.46E+01 kg

Total 3.40E+03 -- kg

Sludge CWP2 (Solid) 2.03E+01 1.92E+00 kg

Sludge CWP1 (Solid) 2.89E+01 2.73E+00 kg

Sludge CWZr1 (Solid) 7.98E+00 7.54E-01 kg

Sr Sludge NA 1.35E+01 1.27E+00 kg

Sludge OWW3 (Solid) 9.14E+00 8.63E-01 kg

Sludge TH2 (Solid) 7.10E+00 6.70E-01 kg

Total 8.69E+01 -- kg

Sludge CWP2 (Solid) 1.13E+04 2.53E+03 kg

Sludge CWZr1 (Solid) 4.43E+03 9.94E+02 kg

Sludge NA 7.48E+03 1.68E+03 kg
TIC as Sludge OWW3 (Solid) 5.07E+03 1.14E+03 kg

Sludge TH2 (Solid) 3.94E+03 8.84E+02 kg

Sludge CWP1 (Solid) 1.60E+04 3.59E+03 kg

Total 4.82E+04 -- kg

Sludge CWP1 (Solid) 4.68E+03 5.11E+02 kg

Sludge CWP2 (Solid) 3.29E+03 3.59E+02 kg

Sludge CWZr1 (Solid) 1.29E+03 1.41E+02 kg

TOC Sludge NA 2.18E+03 2.38E+02 kg

Sludge OWW3 (Solid) 1.48E+03 1.62E+02 kg

Sludge TH2 (Solid) 1.15E+03 1.25E+02 kg

Total 1.41E+04 -- kg
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Table F-2. Tank C-104 Inventory. (15 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 1.17E+04 1.04E+03 kg

Sludge CWP2 (Solid) 8.19E+03 7.24E+02 kg

Sludge CWZr1 (Solid) 3.22E+03 2.85E+02 kg

UTOTAL Sludge NA 5.44E+03 4.8 1E+02 kg

Sludge OWW3 (Solid) 3.69E+03 3.26E+02 kg

Sludge TH2 (Solid) 2.86E+03 2.53E+02 kg

Total 3.51E+04 -- kg

Sludge NA 1.OOE+04 4.47E+03 kg

Sludge OWW3 (Solid) 6.78E+03 3.03E+03 kg

Sludge TH2 (Solid) 5.27E+03 2.36E+03 kg

Zr Sludge CWP1 (Solid) 2.15E+04 9.62E+03 kg

Sludge CWP2 (Solid) 1.51E+04 6.75E+03 kg

Sludge CWZr1 (Solid) 5.92E+03 2.65E+03 kg

Total 6.45E+04 -- kg

Note: Reference download from http://twinsweb.pnl.gov/data dated 2/1/05.
CWP1 = cladding waste.
CWP2 = cladding waste.
CWZr1 = zirconium cladding waste.
OWW3 = organic wash waste.
NA = not available.
TBP = tributyl phosphate.
TH2 = thoria high-level waste.
TIC = total inorganic carbon.
TOC = total organic carbon.

* Indicator constituents as identified in Section 7.1.1.1.
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Table F-3. Tank C-107 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 4.45E- 11 not reported Ci

106Ru Sludge CWP2 (Solid) 7.42E-09 not reported Ci

Sludge SRR (Solid) 2.08E-03 not reported Ci

Total 2.08E-03 -- Ci

Sludge 1C (Solid) 5.23E-02 not reported Ci

"3mCd Sludge CWP2 (Solid) 1.41E-01 not reported Ci

Sludge SRR (Solid) 3.57E+00 not reported Ci

Total 3.76E+00 -- Ci

Sludge 1C (Solid) 6.98E-04 not reported Ci

125Sb Sludge CWP2 (Solid) 7.96E-04 not reported Ci

Sludge SRR (Solid) 1.31E+02 not reported Ci

Total 1.31E+02 -- Ci

Sludge 1C (Solid) 4.34E-03 not reported Ci

126 Sludge CWP2 (Solid) 1.61E-04 not reported Ci

Sludge SRR (Solid) 2.16E-01 not reported Ci

Total 2.21E-01 -- Ci

Sludge 1C (Solid) 3.88E-01 1.48E-01 Ci

1291 Sludge CWP2 (Solid) 6.81E-02 2.60E-02 Ci

Sludge SRR (Solid) 2.59E-01 9.88E-02 Ci

Total 7.15E-01 -- Ci

Sludge 1C (Solid) 5.32E-07 not reported Ci

134CS Sludge CWP2 (Solid) 4.OOE-05 not reported Ci

Sludge SRR (Solid) 1.62E-01 not reported Ci

Total 1.62E-01 -- Ci

Sludge SRR (Solid) 2.14E+04 2.81E+03 Ci

13Cs Sludge 1C (Solid) 3.20E+04 4.20E+03 Ci

Sludge CWP2 (Solid) 5.61E+03 7.36E+02 Ci

Total 5.89E+04 -- Ci

Sludge 1C (Solid) 3.02E+04 not reported Ci

1
37

mBa Sludge CWP2 (Solid) 5.30E+03 not reported Ci

Sludge SRR (Solid) 2.02E+04 not reported Ci

Total 5.56E+04 -- Ci

Sludge 1C (Solid) 2.07E-01 2.11E-01 Ci

14 Sludge CWP2 (Solid) 8.62E-02 not reported Ci

Sludge SRR (Solid) 2.63E-01 not reported Ci

Total 5.56E-01 -- Ci
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Table F-3. Tank C-107 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 9.14E+O1 not reported Ci

151Sm Sludge CWP2 (Solid) 1.57E+00 not reported Ci

Sludge SRR (Solid) 6.3 1E+05 not reported Ci

Total 6.3 1E+05 -- Ci

Sludge 1C (Solid) 2.93E-03 not reported Ci

152Eu Sludge CWP2 (Solid) 3.54E-04 not reported Ci

Sludge SRR (Solid) 1.37E+02 not reported Ci

Total 1.37E+02 -- Ci

Sludge CWP2 (Solid) 2.49E-02 not reported Ci

154Eu Sludge SRR (Solid) 1.25E+03 not reported Ci

Sludge 1C (Solid) 1.98E-01 not reported Ci

Total 1.25E+03 -- Ci

Sludge CWP2 (Solid) 1.13E-02 not reported Ci

15Eu Sludge SRR (Solid) 6.49E+02 not reported Ci

Sludge 1C (Solid) 8.53E-02 not reported Ci

Total 6.49E+02 -- Ci

Sludge 1C (Solid) 5.72E-06 not reported Ci

226Ra Sludge CWP2 (Solid) 1.85E-07 not reported Ci

Sludge SRR (Solid) 2.74E-06 not reported Ci

Total 8.64E-06 -- Ci

Sludge 1C (Solid) 4.89E-05 not reported Ci

22Ac Sludge CWP2 (Solid) 2.80E-03 not reported Ci

Sludge SRR (Solid) 1.38E-05 not reported Ci

Total 2.86E-03 -- Ci

Sludge 1C (Solid) 1.36E-02 not reported Ci

2Ra Sludge CWP2 (Solid) 2.86E-03 not reported Ci

Sludge SRR (Solid) 1.11E-02 not reported Ci

Total 2.75E-02 -- Ci

Sludge 1C (Solid) 1.81E-08 not reported Ci

229Th Sludge CWP2 (Solid) 1.45E-02 not reported Ci

Sludge SRR (Solid) 1.63E-08 not reported Ci

Total 1.45E-02 -- Ci

Sludge 1C (Solid) 3.65E-04 not reported Ci

231Pa Sludge CWP2 (Solid) 1.46E-04 not reported Ci

Sludge SRR (Solid) 2.11E-05 not reported Ci

Total 5.32E-04 -- Ci
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Table F-3. Tank C-107 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 3.93E-02 5.51E-03 Ci

2Th Sludge CWP2 (Solid) 6.89E-03 9.67E-04 Ci

Sludge SRR (Solid) 2.63E-02 3.69E-03 Ci

Total 7.24E-02 -- Ci

Sludge 1C (Solid) 2.46E-05 not reported Ci

2U Sludge CWP2 (Solid) 7.60E-02 not reported Ci

Sludge SRR (Solid) 4.53E-05 not reported Ci

Total 7.61E-02 -- Ci

Sludge 1C (Solid) 2.05E-06 not reported Ci

2U Sludge CWP2 (Solid) 4.72E+00 not reported Ci

Sludge SRR (Solid) 1.42E-04 not reported Ci

Total 4.72E+00 -- Ci

Sludge 1C (Solid) 1.98E+00 not reported Ci

24U Sludge CWP2 (Solid) 6.50E-01 not reported Ci

Sludge SRR (Solid) 4.93E-01 not reported Ci

Total 3.12E+00 -- Ci

Sludge 1C (Solid) 8.82E-02 not reported Ci

2U Sludge CWP2 (Solid) 2.54E-02 not reported Ci

Sludge SRR (Solid) 2.08E-02 not reported Ci

Total 1.34E-01 -- Ci

Sludge 1C (Solid) 2.21E-02 not reported Ci

236 Sludge CWP2 (Solid) 1.60E-02 not reported Ci

Sludge SRR (Solid) 1.30E-02 not reported Ci

Total 5.11E-02 -- Ci

Sludge 1C (Solid) 1.99E-03 not reported Ci

237 Sludge CWP2 (Solid) 1.08E-04 not reported Ci

Sludge SRR (Solid) 5.07E-02 not reported Ci

Total 5.28E-02 -- Ci

Sludge SRR (Solid) 3.09E+01 not reported Ci

238Pu Sludge 1C (Solid) 8.73E+00 not reported Ci

Sludge CWP2 (Solid) 4.6 1E+00 not reported Ci

Total 4.43E+01 -- Ci

Sludge 1C (Solid) 2.01E+00 not reported Ci

U Sludge CWP2 (Solid) 5.86E-01 not reported Ci

Sludge SRR (Solid) 4.80E-01 not reported Ci

Total 3.08E+00 -- Ci
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Table F-3. Tank C-107 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 1.24E+03 not reported Ci

239 Sludge CWP2 (Solid) 1.95E+02 not reported Ci

Sludge SRR (Solid) 7.47E+02 not reported Ci

Total 2.18E+03 -- Ci

Sludge 1C (Solid) 1.35E+02 not reported Ci

240Pu Sludge CWP2 (Solid) 4.62E+O1 not reported Ci

Sludge SRR (Solid) 1.73E+02 not reported Ci

Total 3.55E+02 -- Ci

Sludge 1C (Solid) 3.63E+03 5.06E+02 Ci

241Am Sludge CWP2 (Solid) 6.37E+02 8.89E+01 Ci

Sludge SRR (Solid) 2.43E+03 3.39E+02 Ci

Total 6.69E+03 -- Ci

Sludge 1C (Solid) 2.27E+02 not reported Ci

241Pu Sludge CWP2 (Solid) 2.89E+02 not reported Ci

Sludge SRR (Solid) 1.27E+03 not reported Ci

Total 1.78E+03 -- Ci

Sludge 1C (Solid) 6.29E-01 not reported Ci

242Cm Sludge CWP2 (Solid) 2.59E-02 not reported Ci

Sludge SRR (Solid) 1.97E+00 not reported Ci

Total 2.62E+00 -- Ci

Sludge 1C (Solid) 1.88E-03 not reported Ci

242Pu Sludge CWP2 (Solid) 2.34E-03 not reported Ci

Sludge SRR (Solid) 1.21E-02 not reported Ci

Total 1.63E-02 -- Ci

Sludge 1C (Solid) 3.69E-01 not reported Ci

243Am Sludge CWP2 (Solid) 1.68E-02 not reported Ci

Sludge SRR (Solid) 1.49E+00 not reported Ci

Total 1.88E+00 -- Ci

Sludge 1C (Solid) 7.02E-03 not reported Ci

243Cm Sludge SRR (Solid) 1.47E-01 not reported Ci

Sludge CWP2 (Solid) 1.28E-03 not reported Ci

Total 1.55E-01 -- Ci

Sludge 1C (Solid) 1.58E-01 not reported Ci

2
4Cm Sludge CWP2 (Solid) 3.79E-02 not reported Ci

Sludge SRR (Solid) 3.42E+00 not reported Ci

Total 3.62E+00 -- Ci
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Table F-3. Tank C-107 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP2 (Solid) 3.53E-01 3.54E-01 Ci

3 H Sludge SRR (Solid) 2.45E+00 not reported Ci

Sludge 1C (Solid) 3.39E-01 2.38E-01 Ci

Total 3.14E+00 -- Ci

Sludge 1C (Solid) 1.12E-02 not reported Ci

59Ni Sludge CWP2 (Solid) 6.31E-01 not reported Ci

Sludge SRR (Solid) 2.16E+00 not reported Ci

Total 2.81E+00 -- Ci

Sludge SRR (Solid) 1.67E+02 not reported Ci

6099 Sludge CWP2 (Solid) 6.34E-01 6.37E-01 Ci

Sludge 1C (Solid) 7.15E-02 not reported Ci

Total 1.67E+02 -- Ci

Sludge 1C (Solid) 1.56E+00 not reported Ci

63Ni Sludge CWP2 (Solid) 5.96E+01 not reported Ci

Sludge SRR (Solid) 2.OOE+02 not reported Ci

Total 2.61E+02 -- Ci

Sludge SRR (Solid) 5.07E-02 not reported Ci

7 9 e Sludge 1C (Solid) 1.15E-03 not reported Ci

Sludge CWP2 (Solid) 3.89E-05 not reported Ci

Total 5.19E-02 -- Ci

Sludge 1C (Solid) 3.40E+05 2.91E+05 Ci

90Sr Sludge CWP2 (Solid) 5.97E+04 5.11E+04 Ci

Sludge SRR (Solid) 1.68E+06 2.42E+05 Ci

Total 2.08E+06 -- Ci

Sludge 1C (Solid) 3.40E+05 not reported Ci

90 Sludge CWP2 (Solid) 5.97E+04 not reported Ci

Sludge SRR (Solid) 1.68E+06 not reported Ci

Total 2.08E+06 -- Ci

Sludge 1C (Solid) 1.33E+00 not reported Ci

9 3
mNb Sludge CWP2 (Solid) 1.82E-03 not reported Ci

Sludge SRR (Solid) 2.39E+00 not reported Ci

Total 3.72E+00 -- Ci

Sludge 1C (Solid) 1.47E+00 not reported Ci

93Zr Sludge CWP2 (Solid) 2.24E-03 not reported Ci

Sludge SRR (Solid) 3.02E+00 not reported Ci

Total 4.50E+00 -- Ci
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Table F-3. Tank C-107 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 2.04E+O1 2.02E+00 Ci

9 9Tc * Sludge CWP2 (Solid) 3.59E+00 3.55E-01 Ci

Sludge SRR (Solid) 1.37E+01 1.35E+00 Ci

Total 3.77E+01 -- Ci

Sludge 1C (Solid) 1.89E+04 3.87E+03 kg

Al Sludge CWP2 (Solid) 1.64E+04 1.47E+03 kg

Sludge SRR (Solid) 2.29E+04 9.77E+03 kg

Total 5.83E+04 -- kg

Sludge 1C (Solid) 9.80E+03 3.67E+03 kg

Bi Sludge CWP2 (Solid) 4.83E+02 4.14E+02 kg

Sludge SRR (Solid) 5.27E+01 7.5 1E+00 kg

Total 1.03E+04 -- kg

Sludge 1C (Solid) 4.80E+02 2.02E+02 kg

Ca Sludge CWP2 (Solid) 8.40E+O1 1.81E+01 kg

Sludge SRR (Solid) 6.73E+02 8.11E+O1 kg

Total 1.24E+03 -- kg

Sludge 1C (Solid) 5.72E+02 1.17E+02 kg

Cl Sludge CWP2 (Solid) 5.88E+01 6.31E+00 kg

Sludge SRR (Solid) 2.34E+02 4.25E+01 kg

Total 8.65E+02 -- kg

Sludge 1C (Solid) 3.30E+00 3.3 1E+00 kg

CN Sludge CWP2 (Solid) 5.79E-01 5.81E-01 kg

Sludge SRR (Solid) 2.20E+00 2.2 1E+00 kg

Total 6.08E+00 -- kg

Sludge CWP2 (Solid) 3.61E+O1 6.84E+00 kg

Cr * Sludge SRR (Solid) 3.6 1E+02 5.74E+O1 kg

Sludge 1C (Solid) 5.29E+02 5.76E+01 kg

Total 9.26E+02 -- kg

Sludge SRR (Solid) 3.19E+02 7.51E+01 kg

F Sludge 1C (Solid) 5.77E+03 2.03E+03 kg

Sludge CWP2 (Solid) 2.49E+02 1.57E+02 kg

Total 6.34E+03 -- kg

Sludge 1C (Solid) 4.17E+04 1.86E+04 kg

Fe Sludge CWP2 (Solid) 2.83E+03 2.53E+02 kg

Sludge SRR (Solid) 5.79E+04 1.17E+04 kg

Total 1.02E+05 -- kg
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Table F-3. Tank C-107 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 3.61E+O1 8.53E+00 kg

Sludge CWP2 (Solid) 6.34E+00 1.50E+00 kg

Sludge SRR (Solid) 2.41E+O1 5.70E+00 kg

Total 6.66E+01 -- kg

Sludge CWP2 (Solid) 7.90E+00 not reported kg

K Sludge SRR (Solid) 1.73E+02 not reported kg

Sludge 1C (Solid) 2.46E+02 4.49E+01 kg

Total 4.27E+02 -- kg

Sludge CWP2 (Solid) 1.71E+01 4.15E+00 kg

La Sludge SRR (Solid) 1.53E+02 1.75E+01 kg

Sludge 1C (Solid) 9.87E+01 5.27E+01 kg

Total 2.69E+02 -- kg

Sludge 1C (Solid) 1.84E+03 1.06E+03 kg

Mn Sludge CWP2 (Solid) 2.17E+02 1.94E+01 kg

Sludge SRR (Solid) 2.95E+03 5.82E+02 kg

Total 5.01E+03 -- kg

Sludge 1C (Solid) 5.85E+04 7.86E+03 kg

Na Sludge CWP2 (Solid) 7.88E+03 1.28E+03 kg

Sludge SRR (Solid) 2.83E+04 2.84E+03 kg

Total 9.47E+04 -- kg

Sludge CWP2 (Solid) 6.49E+02 6.64E+O1 kg

Ni Sludge SRR (Solid) 1.49E+03 1.53E+02 kg

Sludge 1C (Solid) 9.37E+02 5.12E+02 kg

Total 3.08E+03 -- kg

Sludge 1C (Solid) 2.05E+04 3.01E+03 kg

NO 2 * Sludge CWP2 (Solid) 2.58E+03 5.24E+02 kg

Sludge SRR (Solid) 1.21E+04 3.07E+03 kg

Total 3.51E+04 -- kg

Sludge 1C (Solid) 3.43E+04 7.33E+03 kg

NO Sludge CWP2 (Solid) 3.21E+03 2.88E+02 kg

Sludge SRR (Solid) 1.OOE+04 3.39E+03 kg

Total 4.75E+04 -- kg

Sludge 1C (Solid) 2.01E+02 2.02E+02 kg

Oxalate Sludge CWP2 (Solid) 2.96E+01 not reported kg

Sludge SRR (Solid) 1.34E+02 1.35E+02 kg

Total 3.65E+02 -- kg
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Table F-3. Tank C-107 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 3.45E+03 2.11E+03 kg

Pb Sludge CWP2 (Solid) 1.66E+03 3.81E+02 kg

Sludge SRR (Solid) 4.96E+03 1.15E+03 kg

Total 1.01E+04 -- kg

Sludge 1C (Solid) 4.52E+04 1.13E+04 kg

PO, Sludge CWP2 (Solid) 8.25E+03 7.89E+02 kg

Sludge SRR (Solid) 4.95E+03 1.22E+03 kg

Total 5.84E+04 -- kg

Sludge 1C (Solid) 9.78E+02 2.05E+02 kg

Si Sludge CWP2 (Solid) 1.22E+02 1.26E+01 kg

Sludge SRR (Solid) 7.58E+02 2.50E+02 kg

Total 1.86E+03 -- kg

Sludge 1C (Solid) 4.93E+03 6.82E+02 kg

Sludge CWP2 (Solid) 5.01E+02 4.49E+01 kg

Sludge SRR (Solid) 2.95E+03 3.38E+02 kg

Total 8.38E+03 -- kg

Sludge CWP2 (Solid) 2.42E+O1 2.48E+00 kg

Sr Sludge SRR (Solid) 6.84E+01 6.91E+00 kg

Sludge 1C (Solid) 1.63E+02 2.48E+01 kg

Total 2.56E+02 -- kg

Sludge 1C (Solid) 6.16E+03 7.43E+02 kg

TIC as Sludge CWP2 (Solid) 1.08E+03 1.30E+02 kg

CO 3  Sludge SRR (Solid) 4.12E+03 4.97E+02 kg

Total 1.14E+04 -- kg

Sludge 1C (Solid) 3.97E+02 3.73E+01 kg

TOC Sludge CWP2 (Solid) 6.97E+01 6.56E+00 kg

Sludge SRR (Solid) 2.66E+02 2.50E+01 kg

Total 7.32E+02 -- kg

Sludge 1C (Solid) 6.03E+03 1.94E+03 kg

Sludge CWP2 (Solid) 1.75E+03 5.64E+02 kg

U TOTAL Sludge SRR (Solid) 1.44E+03 1.91E+02 kg

Total 9.23E+03 -- kg
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Table F-3. Tank C-107 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP2 (Solid) 1.72E+00 1.65E-01 kg

Zr Sludge 1C (Solid) 2.67E+01 1.15E+O1 kg

Sludge SRR (Solid) 4.53E+O1 2.01E+01 kg

Total 7.37E+O1 -- kg

Added Constituents (excluding water)

Garnet Total 5.80E+02 to 1.27E+03 (est)** kg

Note: Reference download from http://twinsweb.pnl.gov/data dated 2/1/05.
1C = first cycle decontamination.
CWP2 = cladding waste.
SRR = strontium recovery supernate waste.
TIC = total inorganic carbon.
TOC = total organic carbon.
* Indicator constituents as identified in Section 7.1.1.1.
**Garnet used to cut hole in tank dome for insertion of new large central riser.
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Table F-4. Tank C-108 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 1.05E- 11 not reported Ci

106Ru Sludge TBP (Solid) 1.90E-14 not reported Ci

Sludge TFeCN (Solid) 3.09E-12 not reported Ci

Total 1.36E-11 -- Ci

Sludge TBP (Solid) 1.28E-02 not reported Ci

"3mCd Sludge TFeCN (Solid) 2.56E-02 not reported Ci

Sludge 1C (Solid) 1.23E-02 not reported Ci

Total 5.06E-02 -- Ci

Sludge TFeCN (Solid) 3.77E-04 not reported Ci

125Sb Sludge 1C (Solid) 1.64E-04 not reported Ci

Sludge TBP (Solid) 2.07E-04 not reported Ci

Total 7.49E-04 -- Ci

Sludge 1C (Solid) 1.02E-03 not reported Ci

126 Sludge TBP (Solid) 1.86E-03 not reported Ci

Sludge TFeCN (Solid) 3.34E-03 not reported Ci

Total 6.23E-03 -- Ci

Sludge 1C (Solid) 1.09E-04 not reported Ci

129 Sludge TBP (Solid) 2.20E-04 not reported Ci

Sludge TFeCN (Solid) 6.47E-04 not reported Ci

Total 9.75E-04 -- Ci

Sludge 1C (Solid) 1.25E-07 not reported Ci

134CS Sludge TBP (Solid) 1.71E-06 not reported Ci

Sludge TFeCN (Solid) 8.41E-05 not reported Ci

Total 8.59E-05 -- Ci

Sludge 1C (Solid) 3.42E+04 1.23E+04 Ci

13Cs Sludge TBP (Solid) 2.95E+04 1.06E+04 Ci

Sludge TFeCN (Solid) 1.40E+04 5.05E+03 Ci

Total 7.77E+04 -- Ci

Sludge 1C (Solid) 3.23E+04 not reported Ci

1
37

mBa Sludge TBP (Solid) 2.79E+04 not reported Ci

Sludge TFeCN (Solid) 1.32E+04 not reported Ci

Total 7.33E+04 -- Ci

Sludge 1C (Solid) 4.87E-02 5.03E-02 Ci

14 Sludge TBP (Solid) 1.09E-02 not reported Ci

Sludge TFeCN (Solid) 2.22E-02 not reported Ci

Total 8.18E-02 -- Ci
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Table F-4. Tank C-108 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge TBP (Solid) 1.79E+01 not reported Ci

151Sm Sludge TFeCN (Solid) 3.51E+O1 not reported Ci

Sludge 1C (Solid) 2.15E+01 not reported Ci

Total 7.45E+01 -- Ci

Sludge 1C (Solid) 6.90E-04 not reported Ci

152Eu Sludge TBP (Solid) 5.72E-04 not reported Ci

Sludge TFeCN (Solid) 1.09E-03 not reported Ci

Total 2.35E-03 -- Ci

Sludge 1C (Solid) 4.65E-02 not reported Ci

154Eu Sludge TBP (Solid) 3.98E-02 not reported Ci

Sludge TFeCN (Solid) 7.62E-02 not reported Ci

Total 1.63E-01 -- Ci

Sludge 1C (Solid) 2.01E-02 not reported Ci

15Eu Sludge TBP (Solid) 1.91E-02 not reported Ci

Sludge TFeCN (Solid) 3.66E-02 not reported Ci

Total 7.58E-02 -- Ci

Sludge TFeCN (Solid) 4.25E-06 not reported Ci

226Ra Sludge 1C (Solid) 1.35E-06 not reported Ci

Sludge TBP (Solid) 2.35E-06 not reported Ci

Total 7.95E-06 -- Ci

Sludge 1C (Solid) 1.15E-05 not reported Ci

22Ac Sludge TBP (Solid) 1.04E-05 not reported Ci

Sludge TFeCN (Solid) 2.03E-05 not reported Ci

Total 4.22E-05 -- Ci

Sludge 1C (Solid) 1.51E-11 not reported Ci

2Ra Sludge TBP (Solid) 9.01E-12 not reported Ci

Sludge TFeCN (Solid) 1.86E-1 1 not reported Ci

Total 4.27E-11 -- Ci

Sludge TBP (Solid) 5.24E-10 not reported Ci

229Th Sludge TFeCN (Solid) 1.90E-09 not reported Ci

Sludge 1C (Solid) 4.25E-09 not reported Ci

Total 6.68E-09 -- Ci

Sludge 1C (Solid) 8.60E-05 not reported Ci

231Pa Sludge TBP (Solid) 9.79E-08 not reported Ci

Sludge TFeCN (Solid) 2.21E-05 not reported Ci

Total 1.08E-04 -- Ci
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Table F-4. Tank C-108 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 3.58E-11 not reported Ci

2Th Sludge TBP (Solid) 4.44E-12 not reported Ci

Sludge TFeCN (Solid) 1.61E-1 1 not reported Ci

Total 5.63E-11 -- Ci

Sludge 1C (Solid) 2.79E-07 not reported Ci

2U Sludge TBP (Solid) 2.35E-07 not reported Ci

Sludge TFeCN (Solid) 1.12E-07 not reported Ci

Total 6.26E-07 -- Ci

Sludge 1C (Solid) 2.33E-08 not reported Ci

2U Sludge TBP (Solid) 1.97E-08 not reported Ci

Sludge TFeCN (Solid) 9.27E-09 not reported Ci

Total 5.22E-08 -- Ci

Sludge 1C (Solid) 2.24E-02 not reported Ci

24U Sludge TBP (Solid) 1.94E-02 not reported Ci

Sludge TFeCN (Solid) 9.18E-03 not reported Ci

Total 5.10E-02 -- Ci

Sludge 1C (Solid) 1.OOE-03 not reported Ci

2U Sludge TBP (Solid) 8.65E-04 not reported Ci

Sludge TFeCN (Solid) 4.10E-04 not reported Ci

Total 2.28E-03 -- Ci

Sludge 1C (Solid) 2.51E-04 not reported Ci

236 Sludge TBP (Solid) 2.22E-04 not reported Ci

Sludge TFeCN (Solid) 1.03E-04 not reported Ci

Total 5.75E-04 -- Ci

Sludge 1C (Solid) 4.68E-04 not reported Ci

237 Sludge TBP (Solid) 1.36E-03 not reported Ci

Sludge TFeCN (Solid) 2.39E-03 not reported Ci

Total 4.22E-03 -- Ci

Sludge 1C (Solid) 9.66E-03 not reported Ci

238Pu Sludge TBP (Solid) 8.27E-03 not reported Ci

Sludge TFeCN (Solid) 4.10E-03 not reported Ci

Total 2.20E-02 -- Ci

Sludge 1C (Solid) 2.29E-02 not reported Ci

U Sludge TBP (Solid) 1.97E-02 not reported Ci

Sludge TFeCN (Solid) 9.36E-03 not reported Ci

Total 5.20E-02 -- Ci
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Table F-4. Tank C-108 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 1.37E+00 not reported Ci

239 Sludge TBP (Solid) 1.19E+00 not reported Ci

Sludge TFeCN (Solid) 5.60E-01 not reported Ci

Total 3.12E+00 -- Ci

Sludge 1C (Solid) 1.50E-01 not reported Ci

240Pu Sludge TBP (Solid) 1.27E-01 not reported Ci

Sludge TFeCN (Solid) 6.25E-02 not reported Ci

Total 3.39E-01 -- Ci

Sludge 1C (Solid) 4.73E+00 4.82E+00 Ci

241Am Sludge TBP (Solid) 4.08E+00 4.16E+00 Ci

Sludge TFeCN (Solid) 1.93E+00 1.97E+00 Ci

Total 1.07E+01 -- Ci

Sludge 1C (Solid) 2.51E-01 not reported Ci

241Pu Sludge TBP (Solid) 2.16E-01 not reported Ci

Sludge TFeCN (Solid) 1.10E-01 not reported Ci

Total 5.77E-01 -- Ci

Sludge TBP (Solid) 9.84E-04 not reported Ci

242Cm Sludge TFeCN (Solid) 4.36E-04 not reported Ci

Sludge 1C (Solid) 8.32E-04 not reported Ci

Total 2.25E-03 -- Ci

Sludge 1C (Solid) 2.08E-06 not reported Ci

242Pu Sludge TBP (Solid) 1.75E-06 not reported Ci

Sludge TFeCN (Solid) 9.07E-07 not reported Ci

Total 4.73E-06 -- Ci

Sludge 1C (Solid) 4.88E-04 not reported Ci

243Am Sludge TBP (Solid) 5.81E-04 not reported Ci

Sludge TFeCN (Solid) 2.57E-04 not reported Ci

Total 1.33E-03 -- Ci

Sludge 1C (Solid) 9.29E-06 not reported Ci

243Cm Sludge TBP (Solid) 1.10E-05 not reported Ci

Sludge TFeCN (Solid) 4.89E-06 not reported Ci

Total 2.52E-05 -- Ci

Sludge 1C (Solid) 2.09E-04 not reported Ci

2
4Cm Sludge TBP (Solid) 2.49E-04 not reported Ci

Sludge TFeCN (Solid) 1.10E-04 not reported Ci

Total 5.68E-04 -- Ci
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Table F-4. Tank C-108 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 7.98E-02 5.77E-02 Ci

3 HSludge TBP (Solid) 2.38E-01 not reported Ci
"H

Sludge TFeCN (Solid) 8.13E-01 8.28E-01 Ci

Total 1.13E+00 -- Ci

Sludge 1C (Solid) 2.65E-03 not reported Ci

59Ni Sludge TBP (Solid) 2.86E-03 not reported Ci

Sludge TFeCN (Solid) 1.11E+00 1.13E+00 Ci

Total 1.12E+00 -- Ci

Sludge 1C (Solid) 1.68E-02 not reported Ci

6099 Sludge TBP (Solid) 5.72E-03 not reported Ci

Sludge TFeCN (Solid) 2.06E-02 not reported Ci

Total 4.32E-02 -- Ci

Sludge 1C (Solid) 3.67E-01 not reported Ci

63Ni Sludge TBP (Solid) 2.44E-01 not reported Ci

Sludge TFeCN (Solid) 9.92E+O1 1.01E+02 Ci

Total 9.98E+01 -- Ci

Sludge 1C (Solid) 2.71E-04 not reported Ci

79 e Sludge TBP (Solid) 4.93E-04 not reported Ci

Sludge TFeCN (Solid) 8.87E-04 not reported Ci

Total 1.65E-03 -- Ci

Sludge 1C (Solid) 3.52E+03 1.04E+03 Ci

90Sr Sludge TBP (Solid) 3.04E+03 8.97E+02 Ci

Sludge TFeCN (Solid) 1.44E+03 4.25E+02 Ci

Total 8.OOE+03 -- Ci

Sludge 1C (Solid) 3.52E+03 not reported Ci

90 Sludge TBP (Solid) 3.04E+03 not reported Ci

Sludge TFeCN (Solid) 1.44E+03 not reported Ci

Total 8.OOE+03 -- Ci

Sludge 1C (Solid) 3.14E-01 not reported Ci

9 3
mNb Sludge TBP (Solid) 1.19E-04 not reported Ci

Sludge TFeCN (Solid) 2.65E-02 not reported Ci

Total 3.40E-01 -- Ci

Sludge 1C (Solid) 3.47E-01 not reported Ci

93Zr Sludge TBP (Solid) 1.32E-04 not reported Ci

Sludge TFeCN (Solid) 2.94E-02 not reported Ci

Total 3.77E-01 -- Ci
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Table F-4. Tank C-108 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 5.14E+00 1.96E+01 Ci

9 9 Tc * Sludge TBP (Solid) 1.72E-01 not reported Ci

Sludge TFeCN (Solid) 2.94E-01 not reported Ci

Total 5.61E+00 -- Ci

Sludge 1C (Solid) 8.48E+03 2.64E+03 kg

Al Sludge TBP (Solid) 7.32E+03 2.28E+03 kg

Sludge TFeCN (Solid) 3.47E+03 1.08E+03 kg

Total 1.93E+04 -- kg

Sludge 1C (Solid) 4.02E+03 1.16E+03 kg

Bi Sludge TBP (Solid) 8.80E+01 2.80E+01 kg

Sludge TFeCN (Solid) 5.44E+00 not reported kg

Total 4.12E+03 -- kg

Sludge 1C (Solid) 2.06E+03 7.98E+02 kg

Ca Sludge TBP (Solid) 1.78E+03 6.90E+02 kg

Sludge TFeCN (Solid) 8.44E+02 3.27E+02 kg

Total 4.69E+03 -- kg

Sludge TBP (Solid) 1.03E+02 2.80E+01 kg

Cl Sludge TFeCN (Solid) 4.86E+01 1.32E+01 kg

Sludge 1C (Solid) 1.19E+02 3.24E+O1 kg

Total 2.70E+02 -- kg

Sludge 1C (Solid) 3.23E+02 1.78E+02 kg

CN Sludge TBP (Solid) 2.79E+02 1.54E+02 kg

Sludge TFeCN (Solid) 1.32E+02 7.28E+01 kg

Total 7.34E+02 -- kg

Sludge 1C (Solid) 1.76E+02 7.67E+01 kg

Cr * Sludge TBP (Solid) 2.86E+01 1.60E+01 kg

Sludge TFeCN (Solid) 2.14E+O1 1.20E+01 kg

Total 2.26E+02 -- kg

Sludge TFeCN (Solid) 2.83E+02 1.38E+02 kg

F Sludge 1C (Solid) 6.92E+02 3.37E+02 kg

Sludge TBP (Solid) 5.97E+02 2.90E+02 kg

Total 1.57E+03 -- kg

Sludge 1C (Solid) 1.17E+03 3.66E+02 kg

Fe Sludge TBP (Solid) 1.01E+03 3.16E+02 kg

Sludge TFeCN (Solid) 4.77E+02 1.49E+02 kg

Total 2.65E+03 -- kg
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Table F-4. Tank C-108 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 8.OOE-02 1.07E-01 kg

Sludge TBP (Solid) 1.18E+01 not reported kg

Sludge TFeCN (Solid) 4.92E-01 2.08E-01 kg

Total 1.23E+01 -- kg

Sludge 1C (Solid) 6.73E+01 5.25E+01 kg

K Sludge TBP (Solid) 3.43E+01 1.89E+01 kg

Sludge TFeCN (Solid) 4.25E+01 2.34E+01 kg

Total 1.44E+02 -- kg

Sludge 1C (Solid) 3.60E-01 3.67E-01 kg

La Sludge TBP (Solid) 6.15E+00 6.27E+00 kg

Sludge TFeCN (Solid) 3.64E+00 5.01E+00 kg

Total 1.02E+01 -- kg

Sludge 1C (Solid) 1.99E+01 1.82E+01 kg

Mn Sludge TBP (Solid) 2.82E+01 1.12E+01 kg

Sludge TFeCN (Solid) 1.92E+01 7.61E+00 kg

Total 6.73E+01 -- kg

Sludge 1C (Solid) 1.53E+04 4.58E+03 kg

Na Sludge TBP (Solid) 1.32E+04 3.95E+03 kg

Sludge TFeCN (Solid) 6.27E+03 1.88E+03 kg

Total 3.48E+04 -- kg

Sludge 1C (Solid) 1.37E+03 4.2 1E+02 kg

Ni Sludge TFeCN (Solid) 5.60E+02 1.72E+02 kg

Sludge TBP (Solid) 1.18E+03 3.62E+02 kg

Total 3.11E+03 -- kg

Sludge 1C (Solid) 3.92E+03 1.01E+03 kg

NO 2 * Sludge TBP (Solid) 3.39E+03 8.76E+02 kg

Sludge TFeCN (Solid) 1.61E+03 4.16E+02 kg

Total 8.92E+03 -- kg

Sludge 1C (Solid) 7.07E+03 1.81E+03 kg

N0 Sludge TBP (Solid) 6.10E+03 1.56E+03 kg

Sludge TFeCN (Solid) 2.89E+03 7.38E+02 kg

Total 1.61E+04 -- kg

Sludge 1C (Solid) 2.97E+02 not reported kg

Oxalate Sludge TBP (Solid) 7.98E+01 not reported kg

Sludge TFeCN (Solid) 3.78E+01 not reported kg

Total 4.14E+02 -- kg
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Table F-4. Tank C-108 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 4.15E+01 3.86E+01 kg

Pb Sludge TBP (Solid) 8.17E+O1 5.33E+O1 kg

Sludge TFeCN (Solid) 1.25E+02 8.15E+01 kg

Total 2.49E+02 -- kg

Sludge 1C (Solid) 1.34E+04 5.20E+03 kg

Sludge TBP (Solid) 1.15E+04 4.46E+03 kg

Sludge TFeCN (Solid) 5.47E+03 2.12E+03 kg

Total 3.04E+04 -- kg

Sludge 1C (Solid) 1.30E+03 1.22E+03 kg

Si Sludge TBP (Solid) 9.50E+01 4.99E+01 kg

Sludge TFeCN (Solid) 2.06E+02 1.08E+02 kg

Total 1.60E+03 -- kg

Sludge TBP (Solid) 9.41E+02 2.71E+02 kg

Sludge TFeCN (Solid) 4.46E+02 1.29E+02 kg

Sludge 1C (Solid) 1.09E+03 3.14E+02 kg

Total 2.48E+03 -- kg

Sludge 1C (Solid) 3.05E+01 9.32E+00 kg

Sr Sludge TBP (Solid) 9.24E+O1 3.52E+01 kg

Sludge TFeCN (Solid) 2.46E+01 9.37E+00 kg

Total 1.47E+02 -- kg

Sludge 1C (Solid) 1.70E+03 4.90E+02 kg

TIC as Sludge TBP (Solid) 1.47E+03 4.24E+02 kg

CO 3  Sludge TFeCN (Solid) 6.97E+02 2.01E+02 kg

Total 3.87E+03 -- kg

Sludge 1C (Solid) 1.54E+02 5.59E+01 kg

TOC Sludge TBP (Solid) 1.33E+02 4.83E+O1 kg

Sludge TFeCN (Solid) 6.30E+01 2.29E+01 kg

Total 3.50E+02 -- kg

Sludge 1C (Solid) 6.85E+01 1.70E+01 kg

Sludge TBP (Solid) 5.92E+O1 1.47E+01 kg

UTOTAL Sludge TFeCN (Solid) 2.80E+01 6.95E+00 kg

Total 1.56E+02 -- kg
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Table F-4. Tank C-108 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 2.90E+O1 2.84E+01 kg

Zr Sludge TBP (Solid) 1.50E+00 7.62E-01 kg

Sludge TFeCN (Solid) 9.45E-01 4.80E-01 kg

Total 3.15E+01 -- kg

Note: Reference download from http://twinsweb.pnl.gov/data dated 2/1/05.
1C = first cycle decontamination.
TBP = tributyl phosphate.
TFeCN = ferrocyanide scavenging.
TIC = total inorganic carbon.
TOC = total organic carbon.
* Indicator constituents as identified in Section 7.1.1.1.
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Table F-5. Tank C-112 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge TFeCN (Solid) 1.47E- 11 not reported Ci

106Ru Sludge 1C (Solid) 4.77E-12 not reported Ci

Sludge CWP1 (Solid) 3.56E- 11 not reported Ci

Total 5.51E-11 -- Ci

Sludge 1C (Solid) 5.60E-03 not reported Ci

"3mCd Sludge CWP1 (Solid) 1.28E-01 not reported Ci

Sludge TFeCN (Solid) 1.21E-01 not reported Ci

Total 2.55E-01 -- Ci

Sludge 1C (Solid) 2.63E-02 5.71E-03 Ci

125Sb Sludge CWP1 (Solid) 2.95E-02 6.40E-03 Ci

Sludge TFeCN (Solid) 1.25E-01 2.71E-02 Ci

Total 1.81E-01 -- Ci

Sludge CWP1 (Solid) 1.90E-04 not reported Ci

126 Sludge TFeCN (Solid) 1.58E-02 not reported Ci

Sludge 1C (Solid) 4.65E-04 not reported Ci

Total 1.65E-02 -- Ci

Sludge 1C (Solid) 4.94E-05 not reported Ci

129 Sludge CWP1 (Solid) 2.42E-02 not reported Ci

Sludge TFeCN (Solid) 3.07E-03 not reported Ci

Total 2.74E-02 -- Ci

Sludge 1C (Solid) 1.40E-02 1.41E-02 Ci

134CS Sludge CWP1 (Solid) 1.58E-02 1.59E-02 Ci

Sludge TFeCN (Solid) 6.70E-02 6.76E-02 Ci

Total 9.69E-02 -- Ci

Sludge 1C (Solid) 3.86E+04 2.OOE+04 Ci

13Cs Sludge CWP1 (Solid) 4.33E+04 2.24E+04 Ci

Sludge TFeCN (Solid) 1.84E+05 9.54E+04 Ci

Total 2.66E+05 -- Ci

Sludge 1C (Solid) 3.64E+04 not reported Ci

1
37

mBa Sludge CWP1 (Solid) 4.09E+04 not reported Ci

Sludge TFeCN (Solid) 1.74E+05 not reported Ci

Total 2.51E+05 -- Ci

Sludge 1C (Solid) 5.24E-01 2.17E-01 Ci

14 Sludge CWP1 (Solid) 5.88E-01 2.44E-01 Ci

Sludge TFeCN (Solid) 2.50E+00 1.04E+00 Ci

Total 3.61E+00 -- Ci
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Table F-5. Tank C-112 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 9.79E+00 not reported Ci

151Sm Sludge CWP1 (Solid) 1.91E+00 not reported Ci

Sludge TFeCN (Solid) 1.66E+02 not reported Ci

Total 1.78E+02 -- Ci

Sludge 1C (Solid) 3.14E-04 not reported Ci

152Eu Sludge CWP1 (Solid) 2.29E-04 not reported Ci

Sludge TFeCN (Solid) 5.17E-03 not reported Ci

Total 5.72E-03 -- Ci

Sludge 1C (Solid) 2.5 1E+1 1.79E+01 Ci

154Eu Sludge CWP1 (Solid) 2.82E+01 2.01E+01 Ci

Sludge TFeCN (Solid) 1.20E+02 8.57E+01 Ci

Total 1.73E+02 -- Ci

Sludge TFeCN (Solid) 6.49E+01 1.29E+01 Ci

15Eu Sludge 1C (Solid) 1.36E+01 2.71E+00 Ci

Sludge CWP1 (Solid) 1.53E+01 3.05E+00 Ci

Total 9.38E+01 -- Ci

Sludge 1C (Solid) 6.13E-07 not reported Ci

226Ra Sludge CWP1 (Solid) 6.08E-08 not reported Ci

Sludge TFeCN (Solid) 2.02E-05 not reported Ci

Total 2.08E-05 -- Ci

Sludge 1C (Solid) 5.24E-06 not reported Ci

22Ac Sludge CWP1 (Solid) 3.29E-07 not reported Ci

Sludge TFeCN (Solid) 9.65E-05 not reported Ci

Total 1.02E-04 -- Ci

Sludge 1C (Solid) 6.89E-04 not reported Ci

2Ra Sludge CWP1 (Solid) 5.33E-04 not reported Ci

Sludge TFeCN (Solid) 2.84E-03 not reported Ci

Total 4.06E-03 -- Ci

Sludge 1C (Solid) 1.94E-09 not reported Ci

229Th Sludge CWP1 (Solid) 1.02E-10 not reported Ci

Sludge TFeCN (Solid) 9.01E-09 not reported Ci

Total 1.10E-08 -- Ci

Sludge 1C (Solid) 3.91E-05 not reported Ci

231Pa Sludge CWP1 (Solid) 6.52E-07 not reported Ci

Sludge TFeCN (Solid) 1.05E-04 not reported Ci

Total 1.45E-04 -- Ci
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Table F-5. Tank C-112 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge TFeCN (Solid) 1.03E-02 not reported Ci

2Th Sludge 1C (Solid) 2.15E-03 not reported Ci

Sludge CWP1 (Solid) 2.42E-03 not reported Ci

Total 1.48E-02 -- Ci

Sludge 1C (Solid) 1.43E-05 not reported Ci

2U Sludge CWP1 (Solid) 5.83E-05 not reported Ci

Sludge TFeCN (Solid) 6.66E-05 not reported Ci

Total 1.39E-04 -- Ci

Sludge 1C (Solid) 1.19E-06 not reported Ci

2U Sludge CWP1 (Solid) 2.84E-06 not reported Ci

Sludge TFeCN (Solid) 5.52E-06 not reported Ci

Total 9.55E-06 -- Ci

Sludge 1C (Solid) 1.15E+00 not reported Ci

24U Sludge CWP1 (Solid) 1.28E+00 not reported Ci

Sludge TFeCN (Solid) 5.47E+00 not reported Ci

Total 7.89E+00 -- Ci

Sludge 1C (Solid) 5.12E-02 not reported Ci

2U Sludge CWP1 (Solid) 5.45E-02 not reported Ci

Sludge TFeCN (Solid) 2.44E-01 not reported Ci

Total 3.50E-01 -- Ci

Sludge TFeCN (Solid) 6.14E-02 not reported Ci

236 Sludge 1C (Solid) 1.28E-02 not reported Ci

Sludge CWP1 (Solid) 2.91E-02 not reported Ci

Total 1.03E-01 -- Ci

Sludge 1C (Solid) 1.09E-01 2.OOE-02 Ci

237 Sludge CWP1 (Solid) 1.22E-01 2.23E-02 Ci

Sludge TFeCN (Solid) 5.20E-01 9.52E-02 Ci

Total 7.51E-01 -- Ci

Sludge 1C (Solid) 1.14E+00 1.65E-01 Ci

238Pu Sludge CWP1 (Solid) 1.28E+00 1.86E-01 Ci

Sludge TFeCN (Solid) 5.42E+00 7.87E-01 Ci

Total 7.84E+00 -- Ci

Sludge 1C (Solid) 1.17E+00 not reported Ci

U Sludge CWP1 (Solid) 1.31E+00 not reported Ci

Sludge TFeCN (Solid) 5.57E+00 not reported Ci

Total 8.05E+00 -- Ci
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Table F-5. Tank C-112 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 1.24E+01 not reported Ci

239 Sludge CWP1 (Solid) 1.28E+01 not reported Ci

Sludge TFeCN (Solid) 5.91E+O1 not reported Ci

Total 8.43E+01 -- Ci

Sludge CWP1 (Solid) 2.66E+00 not reported Ci

240Pu Sludge TFeCN (Solid) 6.59E+00 not reported Ci

Sludge 1C (Solid) 1.35E+00 not reported Ci

Total 1.06E+01 -- Ci

Sludge 1C (Solid) 6.83E+O1 1.01E+01 Ci

241Am Sludge CWP1 (Solid) 7.69E+01 1.14E+O1 Ci

Sludge TFeCN (Solid) 3.26E+02 4.84E+01 Ci

Total 4.71E+02 -- Ci

Sludge 1C (Solid) 2.27E+00 not reported Ci

241Pu Sludge CWP1 (Solid) 9.98E+00 not reported Ci

Sludge TFeCN (Solid) 1.16E+O 1 not reported Ci

Total 2.39E+O1 -- Ci

Sludge 1C (Solid) 1.29E-02 4.65E-03 Ci

242Cm Sludge CWP1 (Solid) 1.45E-02 5.23E-03 Ci

Sludge TFeCN (Solid) 6.17E-02 2.22E-02 Ci

Total 8.91E-02 -- Ci

Sludge 1C (Solid) 1.88E-05 not reported Ci

242Pu Sludge TFeCN (Solid) 9.56E-05 not reported Ci

Sludge CWP1 (Solid) 8.30E-05 not reported Ci

Total 1.97E-04 -- Ci

Sludge 1C (Solid) 7.1 1E-03 not reported Ci

243Am Sludge CWP1 (Solid) 8.68E-04 not reported Ci

Sludge TFeCN (Solid) 4.33E-02 not reported Ci

Total 5.13E-02 -- Ci

Sludge 1C (Solid) 3.74E-03 not reported Ci

243Cm Sludge CWP1 (Solid) 4.20E-03 not reported Ci

Sludge TFeCN (Solid) 1.79E-02 not reported Ci

Total 2.58E-02 -- Ci

Sludge CWP1 (Solid) 8.54E-02 not reported Ci

2
4Cm Sludge 1C (Solid) 7.61E-02 not reported Ci

Sludge TFeCN (Solid) 3.63E-01 not reported Ci

Total 5.25E-01 -- Ci
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Table F-5. Tank C-112 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 8.83E-01 1.28E-01 Ci

3 HSludge CWP1 (Solid) 9.92E-01 1.44E-01 Ci
"H

Sludge TFeCN (Solid) 4.22E+00 6.14E-01 Ci

Total 6.09E+00 -- Ci

Sludge 1C (Solid) 1.21E+00 1.94E-01 Ci

59Ni Sludge CWP1 (Solid) 1.36E+00 2.18E-01 Ci

Sludge TFeCN (Solid) 5.79E+00 9.27E-01 Ci

Total 8.36E+00 -- Ci

Sludge 1C (Solid) 4.23E-01 7.28E-02 Ci

6099 Sludge CWP1 (Solid) 4.75E-01 8.17E-02 Ci

Sludge TFeCN (Solid) 2.02E+00 3.48E-01 Ci

Total 2.92E+00 -- Ci

Sludge 1C (Solid) 1.08E+02 1.48E+01 Ci

63Ni Sludge CWP1 (Solid) 1.22E+02 1.67E+01 Ci

Sludge TFeCN (Solid) 5.16E+02 7.08E+01 Ci

Total 7.46E+02 -- Ci

Sludge 1C (Solid) 8.07E-02 1.11E-02 Ci

79 e Sludge CWP1 (Solid) 9.06E-02 1.25E-02 Ci

Sludge TFeCN (Solid) 3.85E-01 5.32E-02 Ci

Total 5.56E-01 -- Ci

Sludge 1C (Solid) 8.73E+04 3.57E+04 Ci

90Sr Sludge CWP1 (Solid) 9.80E+04 4.OOE+04 Ci

Sludge TFeCN (Solid) 4.16E+05 1.70E+05 Ci

Total 6.02E+05 -- Ci

Sludge TFeCN (Solid) 4.16E+05 not reported Ci

90 Sludge 1C (Solid) 8.73E+04 not reported Ci

Sludge CWP1 (Solid) 9.80E+04 not reported Ci

Total 6.02E+05 -- Ci

Sludge 1C (Solid) 1.43E-01 not reported Ci

9 3
mNb Sludge CWP1 (Solid) 2.37E-03 not reported Ci

Sludge TFeCN (Solid) 1.26E-01 not reported Ci

Total 2.71E-01 -- Ci

Sludge TFeCN (Solid) 1.39E-01 not reported Ci

93Zr Sludge 1C (Solid) 1.58E-01 not reported Ci

Sludge CWP1 (Solid) 2.76E-03 not reported Ci

Total 3.OOE-01 -- Ci
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Table F-5. Tank C-112 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 8.86E+00 1.24E+00 Ci

9 9Tc * Sludge CWP1 (Solid) 9.94E+00 1.39E+00 Ci

Sludge TFeCN (Solid) 4.23E+01 5.93E+00 Ci

Total 6.11E+O1 -- Ci

Sludge 1C (Solid) 1.79E+03 4.56E+02 kg

Al Sludge CWP1 (Solid) 2.01E+03 5.12E+02 kg

Sludge TFeCN (Solid) 8.55E+03 2.18E+03 kg

Total 1.24E+04 -- kg

Sludge 1C (Solid) 1.83E+03 4.63E+02 kg

Bi Sludge CWP1 (Solid) O.OOE+00 not reported kg

Sludge TFeCN (Solid) 2.58E+01 not reported kg

Total 1.86E+03 -- kg

Sludge TFeCN (Solid) 8.09E+03 1.72E+03 kg

Ca Sludge 1C (Solid) 1.70E+03 3.60E+02 kg

Sludge CWP1 (Solid) 1.90E+03 4.03E+02 kg

Total 1.17E+04 -- kg

Sludge 1C (Solid) 7.71E+O1 1.14E+O1 kg

Cl Sludge CWP1 (Solid) 8.66E+01 1.28E+01 kg

Sludge TFeCN (Solid) 3.68E+02 5.43E+01 kg

Total 5.32E+02 -- kg

Sludge 1C (Solid) 1.06E+02 1.75E+01 kg

CN Sludge CWP1 (Solid) 1.19E+02 1.96E+01 kg

Sludge TFeCN (Solid) 5.06E+02 8.36E+O1 kg

Total 7.3 1E+02 -- kg

Sludge 1C (Solid) 2.02E+O1 3.20E+00 kg

Cr * Sludge CWP1 (Solid) 2.26E+01 3.58E+00 kg

Sludge TFeCN (Solid) 9.62E+O1 1.52E+01 kg

Total 1.39E+02 -- kg

Sludge 1C (Solid) 6.18E+01 1.19E+O1 kg

F Sludge CWP1 (Solid) 6.94E+O1 1.33E+01 kg

Sludge TFeCN (Solid) 2.95E+02 5.66E+01 kg

Total 4.26E+02 -- kg

Sludge 1C (Solid) 1.98E+03 3.44E+02 kg

Fe Sludge CWP1 (Solid) 2.23E+03 3.87E+02 kg

Sludge TFeCN (Solid) 9.47E+03 1.64E+03 kg

Total 1.37E+04 -- kg
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Table F-5. Tank C-112 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge TFeCN (Solid) 1.91E+00 3.69E-01 kg

Sludge 1C (Solid) 4.01E-01 7.75E-02 kg

Sludge CWP1 (Solid) 4.51E-01 8.72E-02 kg

Total 2.77E+00 -- kg

Sludge 1C (Solid) 4.35E+01 5.99E+00 kg

K Sludge CWP1 (Solid) 4.88E+01 6.71E+00 kg

Sludge TFeCN (Solid) 2.07E+02 2.85E+01 kg

Total 3.OOE+02 -- kg

Sludge 1C (Solid) 6.54E+00 1.53E+00 kg

La Sludge CWP1 (Solid) 7.35E+00 1.72E+00 kg

Sludge TFeCN (Solid) 3.12E+O1 7.32E+00 kg

Total 4.51E+O1 -- kg

Sludge CWP1 (Solid) 2.OOE+01 3.50E+00 kg

Mn Sludge TFeCN (Solid) 8.50E+01 1.49E+01 kg

Sludge 1C (Solid) 1.78E+01 3.11E+00 kg

Total 1.23E+02 -- kg

Sludge 1C (Solid) 7.27E+03 1.03E+03 kg

Na Sludge CWP1 (Solid) 8.16E+03 1.16E+03 kg

Sludge TFeCN (Solid) 3.47E+04 4.93E+03 kg

Total 5.01E+04 -- kg

Sludge 1C (Solid) 1.13E+03 2.35E+02 kg

Ni Sludge CWP1 (Solid) 1.27E+03 2.64E+02 kg

Sludge TFeCN (Solid) 5.39E+03 1.12E+03 kg

Total 7.78E+03 -- kg

Sludge 1C (Solid) 4.03E+03 6.15E+02 kg

NO 2 * Sludge CWP1 (Solid) 4.53E+03 6.91E+02 kg

Sludge TFeCN (Solid) 1.92E+04 2.93E+03 kg

Total 2.78E+04 -- kg

Sludge CWP1 (Solid) 6.05E+03 9.06E+02 kg

NO Sludge TFeCN (Solid) 2.57E+04 3.85E+03 kg

Sludge 1C (Solid) 5.39E+03 8.07E+02 kg

Total 3.72E+04 -- kg

Sludge 1C (Solid) 6.76E+02 not reported kg

Oxalate Sludge CWP1 (Solid) 1.23E+02 not reported kg

Sludge TFeCN (Solid) 1.01E+03 not reported kg

Total 1.80E+03 -- kg
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Table F-5. Tank C-112 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge 1C (Solid) 2.14E+02 4.24E+O1 kg

Pb Sludge CWP1 (Solid) 2.40E+02 4.76E+01 kg

Sludge TFeCN (Solid) 1.02E+03 2.02E+02 kg

Total 1.48E+03 -- kg

Sludge 1C (Solid) 5.66E+03 2.62E+03 kg

Sludge CWP1 (Solid) 6.36E+03 2.94E+03 kg

Sludge TFeCN (Solid) 2.70E+04 1.25E+04 kg

Total 3.90E+04 -- kg

Sludge 1C (Solid) 2.25E+02 7.11E+O1 kg

Si Sludge CWP1 (Solid) 2.52E+02 7.96E+01 kg

Sludge TFeCN (Solid) 1.07E+03 3.38E+02 kg

Total 1.55E+03 -- kg

Sludge 1C (Solid) 1.02E+03 1.52E+02 kg

Sludge CWP1 (Solid) 1.14E+03 1.70E+02 kg

Sludge TFeCN (Solid) 4.85E+03 7.22E+02 kg

Total 7.01E+03 -- kg

Sludge 1C (Solid) 2.80E+01 6.53E+00 kg

Sr Sludge CWP1 (Solid) 3.15E+01 7.35E+00 kg

Sludge TFeCN (Solid) 1.34E+02 3.13E+01 kg

Total 1.93E+02 -- kg

Sludge 1C (Solid) 2.12E+03 3.63E+02 kg

TIC as Sludge CWP1 (Solid) 2.38E+03 4.07E+02 kg

CO 3  Sludge TFeCN (Solid) 1.01E+04 1.73E+03 kg

Total 1.46E+04 -- kg

Sludge 1C (Solid) 3.5 1E+02 6.68E+01 kg

TOC Sludge CWP1 (Solid) 3.94E+02 7.50E+01 kg

Sludge TFeCN (Solid) 1.67E+03 3.18E+02 kg

Total 2.42E+03 -- kg

Sludge TFeCN (Solid) 1.67E+04 4.99E+03 kg

Sludge 1C (Solid) 3.50E+03 1.05E+03 kg

UTOTAL Sludge CWP1 (Solid) 3.93E+03 1.18E+03 kg

Total 2.41E+04 -- kg
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Table F-5. Tank C-112 Inventory. (9 Sheets)

Analyte Waste Phase Waste Type Inventory Standard Deviation Units

Sludge CWP1 (Solid) 1.57E+00 4.32E-01 kg

Zr Sludge TFeCN (Solid) 6.68E+00 1.84E+00 kg

Sludge 1C (Solid) 1.40E+00 3.85E-01 kg

Total 9.65E+00 -- kg

Note: Reference download from http://twinsweb.pnl.gov/data dated 2/1/05.
1C = first cycle decontamination.
CWP1 = cladding waste.
TFeCN = ferrocyanide scavenging.
TIC = total inorganic carbon.
TOC = total organic carbon.
* Indicator constituents as identified in Section 7.1.1.1.
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APPENDIX G

WASHINGTON STATE DEPARTMENT OF ECOLOGY APPROVED CHANGE
NOTICE(S)
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Table of Approved RPP-22393 Modification Notices

Number Subject Date Date Approved Pg.
Initiated by Ecology Number

020706-1 Exhauster condensate 2/7/06 4/17/06 G-1

120806-1 AN-106 NO2 concentration 12/8/06 12/14/06 G-4
change

2007-2 Groundwater monitoring data Not stated 5/31/07 G-6
submittal

2007-3 Tank heel removal equipment 8/2/07 11/8/07 G-8

2008-2 HRR reference 3/12/08 5/16/08 G-18

2008-4 No concrete pit upgrades 4/17/08 5/2/08 G-20

2008-5 Liquid removal from pits 5/7/08 6/11/08 G-32

2008-6 Revise LDM wording 7/8/08 7/31/08 G-34

2008-7 Delete DST supernate 99Tc sample 7/8/08 7/31/08 G-37

2009-2 Addition of CR Vault sump 2/27/09 Initial 4/16/09 G-42
solution to C-104 Final 4/30/09

2009-4 Revise C-104 and C-1 12 risk 3/9/09 5/11/09 G-52
values in Appendices B and E

2009-5 Revise volume displacement 7/15/09 8/27/09 G-56
measurement wording

2009-6 Add caustic for heel soak 11/4/09 4/7/10 G-58

2010-2 Leave CR Vault sump pumps in 4/28/10 6/4/10 G-60
place

2010-3 Add tool to move equipment under 4/28/10 6/4/10 G-63
C-104 pump, miscellaneous
cleanup of out of date/inaccurate
words

2010-4 Revise for MARS in C-107 and 4/28/10 11/5/10 G-78
cutting of C-107 dome

2011-01 Change DST annulus leak 3/9/11 3/14/11 G-123
detection from conductivity to
Enraf or other

2011-02 Include Consent Decree reference 5/10/2011 9/20/11 G-125
and first and second technology

2011-03 Change risk calculation for AN- 8/2/11 8/24/11 G-140
106 nitrite concentration for C-107
retrieval.
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G-iv

2011-05 Added limit of technology 9/27/11 10/11/11 G-141
reference for modified sluicing

2012-02 Provided a provision for 2/13/12 2/16/12 G-147
equivalent triple rinse.

2012-03 Switched C-102 retrieved to AN- 4/16/12 5/3/212 G-152
101.

2012-08 C-102 retrieval technologies 9/5/12 10/31/12 G-167
specified.

2012-11 Updated C-102 groundwater risk 10/4/12 10/16/12 G-178
estimates.

2013-05 Alternative leak detection method 5/6/13 5/15/13 G-191
for C-102.

2013-06 Miscellaneous updates to align 5/8/13 10/15/13 G-194
with other TWRWPs
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Office of River Protection, State of Washiniton Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

1. Document Title and Number: RPP-22393. Rev. 2 B 241 C
and '41-C-12 Lank Waste Rltrieval Woik Plan

102, 241-C-104. 241-C-107. 241-C-108

2. Minor Field Change:
(SCeion 12.1 111LAC0 ACeon

E Yes: i ('2M 01F .L t.
s ig tic ()n ly - AttacK soi ed hIn

to Prt.-r LO m tl r recOtd

x No: Prnceed -m Box

6.
Do proposed changes
reuite schedule changes?
(Would this Cxtend
compileion of retrieval
beyond 12 months from
date of initiation?)

C Yes x No

3. Document Issue Date:

9/20/05

3. Document Modification
Notice Date:

02/07/06

7.
Do proposed changes include
specific additions, deletions, or
modification to scope and/or
requirements which affect the
overall intent of the plan?

Yes x No

5. Notice N umbr: 020706-1

8. (Chcck only one box)
z Significant Modification
(Cheek it tire answer to question in either
section 6 or 7 is "ves". Sianiicant
modifications require tevision of -he primary
dec Unn)

Minor Modification

E Requires mindieation of tib document

x Can be accomplished with Modificaton
Notice.

9. Descriptien and Justification of Change: See attached redline/strikeout changes for pgs. 3-2 and 3-7.
1 - Deletion on pg 3-7 is made because it is incorrect. The C-103 exhauster condensate is going back to
C-103. In addition- the sentence doesn't belong in this section. This section is for DST inforination.
2 - Added words on pg. 3-2 put condensate drainage wording where it belongs, and corrects it to say it
will go to a tank being retrieved rather than the last sound tank. Clarification is also added to show
wording refers to tank) bein retries ed rather than the DST which is also ictively ventilated

10. inpact of Change:
None.

k1I0. Additional Requirements and/or Provisions-

Approvals

CH-2M HILL H lanford Group, Office of River Protection State of Wash., Dept. of Ecology
Inc.

L] Provisional Appro\a - Pisional Appra1al L Provisienal A pro - /
Date Date Date

m al \pprm Z Final Approv 4 Final Approval
Date 3 24t' DatcV/ Date

Notes
1 - For use by Ecology to identify any additional information needed to make a decision regarding the request for modifications. In
addition. Eco oav wil idenif actions. if any regarding the modification request that DOE mnay take pnding Ecology's final decision
3 Provisionai approval alows DOE and its connactors to take specitic actons idenilied in section 10. prior to iintal approval of ts
modification.
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RPP-'2c03. Rev.

Various monitoring instruments Will be used to collect data to support operation of the WRS and
perform environmental monitoring. Cameras will be installed in each of the SSTs to provide the
capability to visually monitor and aid in control of waste retrieval operations. Instrumentatin
will also be provided to monitor process control data (e.g., pressures and llow rates).
Ihis information will be used to support material balance calculations. The existing ENRAPF
level gauges will be retracted during waste retrieval operations and will be used periodically to
monitor waste levels.

Before initiating waste retrieval, a fonnal waste compatibility assessment will be perforned in
accordance with PNF-SD-WM-OCD-015, Tank Farm lkasle Trans/br Compatibility Program.
Formal issuance of the compatibility assessment will not be completed until just before waste
retrieval operations begin to ensure that current conditions are captured in the assessment.

During waste retrieval operations, the tank(s) being retrieved will be actively ventilated. The
vnilation systen xill consist ot skid -mounted iph-efficiency particulate ir iered pao
exhauster(s). The ventilation systen(s) are wfil-be designed to pass air through the tank, thereby
reducing condensation and fog within the rank. The vein systems required by Waslington State
Department of Health (WhiCH) will typiealy include a heater. prefilter, demister, t\o high-
effciency particulate air fliters and test sections, exhaust fan, and stack. Project plans include
the design and installation of a-new-ventilation system(s) to support waste retrieval operations for
the C farm tanks as show iin Figure 3-2. Condensate drainage from the exhauster(s) will be
routed hack to an SST bein retreved. Any chage to this drainage moutinu wil covered by a
Change Notice Fonn to his TVRWIP. Details of thc-Aew ventlation systems are provided in
AIR 05-407, (iaegorieal Tank F arm Facilit Waste Retrieva and (lour Phase H Waste
Rketical Onerations. and DE05\WP-002, Notice of Construction (\OCO Ipplication or
Operations of Waste Retrieval Systems in the Singic-Shell Tank (5S) Farms.

ORP and CH2M HILL Hanford Group, Inc. (CI 12M HILL), pursuant to federal requirements for
protection of their workers. will develop and implement a personal exposure sampling and
monitoring plan for SST waste retrievals. This plan will be developed and implemented by the
operations Industrial Hygiene (11) departments per the CH2M HILL Environmental Health
Proararm with consideration of input from Ecology. Subsequent to issuance of the IH sampling
and monitoring plan, changes to that portion of the plan pertaining to sampling exhauster
emissions at the stack will be provided to Ecology for Ecology's information in as timely a
manner as possible.

New equipment will be installed in the tanks to support waste retrieval. Existing equipment will
be removed if and as required to make room for the new equipment. The new slurry pump will
be installed in the center riser located in the center pit. Each pump may be mounted on a winch
system that will allow tihe pump to be lowered as waste retrieval progresses. The pump suction
will be installed just under the waste surface to start, so little or no water should be required For
installation due to the sludge nature (i.e., not hard salteake) of the waste and the small
submergence of the pump suction. The system will be designed to allow the pump suction to be

- ENRAF is a traidmark of Enraf Inc., Eraf BV.., Dellt The Nethiernds.

3-2
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3.1.2 Double-Shell Receiver Tanks

The supemate pump and slurry distributor installed in DST AN-106 in support of tank C-103
waste retrieval (RPP-219 I 5) may conranue to ye used to p p sauernate nack to the C farn and
distuto the sludge as received from tanks C-1 07, C- 108 and C- 112. the Oulip installed in
DST AN-to] under Project W-21 i may be used to pump superilate in support of C furim
retrievat. A new slurry distributor will be installed in DST AN-101 to distribute the sludge
received from C farm tanks. Anew suernate pump and a new slurry distributor are planned for
DST AY-101 to support waste retrieval from C farm tanks.

Because the elevation of the AN farm is approximatelv 22 ft higher than the C ann and the
elevation of the AY tank farm is approximately 32 ft higher than the C farm. the slurry
distributor and the supernate pump incorporate anti-siphon devices to prevettt unintentional flov
Froim the DST to the SST. Condensate dniin linesfrom the-x'ntilam vte will be-muted-e
the-ba-r-eund tank in C' tank f;ain schieduled fer wart:4d retrieval.

All waste transfers, including transfer of waste fron the C farm tanks to the DSTs and the
transfer of supernate from DSTs back to C tfatn tanks, will be performed using transfer lines that
provide secondary containment. The waste retrieval project currently plans to use overground
hose-in-hose transfer lines (HIHTLs) and the Resource Conservation and Recovert Act of#1976
(RCRA)-compliant DST transfer system.

3.13 Waste Retrieval System Operating Description

The overall WRS operating strategy will consist of reducing the SST waste inventories.
The process will be monitored using closed-circuit television to facilitate waste retrieval and
minimize any liquids in the tanks. Supeinate will be used as the primary retrieval liquid.
Raw water will be used in limited quantities as necessary for waste conveyance and transfer line
fiushin.

During routine operations, waste retrieval will be intiated by starting the supernate pump in the

DST source tank and using the pumped supernate to provide sluicing fluid to the selected sluice
tiozzx. Initial sluicing will be fbcused in the ceiter portion of the tank to minimize the time
required to get liquid to the slurry pump to allow it to be started. The in-tank carera will be
used to provide visual input for directing the sluice nozzle. The slurry pump in tank C-102,
C- 104, C-107. C-108, or C-1 12 will be started as soon as liquid from the sluicer operation
reaches the area of the pump inlet and there is enough liquid present to prie and operate the

pump. During waste retrieval, the flow of liquid into the tanks through tho sluice nozzles will be
controlled to both limit accumulation of liquid -in the tank and to maximize waste retrieval
ettiiency. The slurry removed will consist of both mobilized tank waste and DST supernate
used fbr mobilization. Maintaining a balanced pumping rate into and out of the tanks is integral
to minimizing the liquid volume in the tanks and reducing the potential for leakage.

If initial sluicing efforts show that tank C-102. C-104, C-107, C-108, or C-I12 sludge is not
readily mobilized, it maybe necessary to add sufficient liquid to the tank(s) to cover the sludge
and allow it to sit for a period oftimre to soften the solid waste before sluicing is resumed. It is
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Office of River Protection. State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

1 Document Title and N iumber: RPP-2739,. Rev. 3B. 241-C-102. 241-C-4 -- 7. 241 -C-l09

and 241-C-112 Tank Xaste Retrieval Work Plan

2. MInor Field Channe: 3. Document Issue Date: 5. Notice Number: 2007-
-Scion 124 ILTACO Act on

P ni 06 07 07
Yes wi I-M I ill nf

*o-lpr 7r ..t: tncr Nt' 4. IDocumem \Modification
P I ma 2.Dcume ttr 2eo

p.. rNotice Date: 8 - 07

X N 0 vPr ii to B

6. 7. 8. ohc n lt Ot 'x

Do proposed changes Do proposed changes include Sieniticant Nlnitcatin
reqai-e schedule chames? specific additions, deletions. or (ChecK if thc answer t u ii t

(Would this extend modification to scope and/or s-cnor ; o r- is s . s :n eant

omtpletion of retrieval requirements which affect the n d.ca.in reere ax to t im'ar,

bey ond 12 months Iron' oerall intent of the plan? Ninor Modiication
date of initiation?)

N Sreqire; moidiiciin Vi'e doume nn

Yes x No
Nec N \Can be accornp is3 ni>' Mt d' cationiYcs x NoCa

9. Description and Justification of Chance:

Description
See the proposed redline stnikeot changes on the attached pas 3-3. -- 6, 3-8. 3-1 1, - ' 19 and 3-

20 of RPP-22393 Rev SC draft. These chances add a description of tank heel remxovail equipment and

txxo neN diversion boxes. P'lease note that all pacs of section 3 will be replaced fo Rex 3C due to

carry -over of a lot ot wording from one page to the next. but the only document changes are on the

attached listed pages.

Explanation
Waste removal in C-I 08 has proceeded to the point Nhere the orignaly installed equipment is no longer

effectixe in remo inn toe wvaste. and the current staste Volome iV greater than the I IFFACO a I eed upon

limit of 360 fV fot I i -series sinle-shell NNwaste tanks. Additional equipment is necessary to be added

to. and operated in. C-108 in order to remoN c more of the xaste heel. Similar equipment may be necdd

or other tanks cONered dy this xxork plan. A description of this equipment and its operation is thus

required,

I led removal technology equipment is subject to the regulator) 'eqoiremcnts in Section 5 of RPP-2 2 393

where applicable.

Wording also needs io be added to describe txo additional diversion noxes xvhich are beina added to

C-1 arm. These boxes a-c added to proxide a safer and more flexible sy stem Nhere retrieval operations

can be easily swNitchee betNcwen tanks instead of disconnecting and repositioning 1 llTls.

The nexx diversion boxes w\ill be in compliance with ecgulatory requiremenits of WAC 1 7 -303. Each

dixersion box which receiN es hose-in-hose drainage has a leak detector and is inspeed in

G-8
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lowered as low as possible in each tank to facilitate maximum waste removal. This \\ill allow
approximately 10 ft of height adjustment.

The pump installation xxill be performed by lowering the pump into the tank xith a crane.
The pump xxill be installed with the suction just into the vaste surface a few inches. No xwater
addition should be necessary for the purnp installation because the pump suction xi> be located
just undcr the xxaste surface. Ifthe pump suction is too shallox xwhen retriexal is started. the
sluice nozzle dischares can be aimed at the pump inlet to enable to the purp to be inserted a
little deeper.

A booster pump. if used. xwii be located xxithin the central riser pit. The WRS ror tanks C-07.
C-108, and C-112 ma\ require modiflcations to the saltwcli pits to accommodate installation of a
slurry pump in the center of the tanks.

The pump adiustment features described previously should ailox the pump to be installed xxith
little or no xater additions. Hox wever. if tank conditions require xvater additions to successfully
install the pumps (eg.. debris tinder the pump installation riscr xxater additions xvould be
controlled in accordance vith OSD-T-15 1-00013. Operarong Sp ttttaiion<Jr S7ngle-Nhol/
Wasfe . t oroge Tks. Section 4.1 , This xxater wxould be added thr ouh one or both of the
sluicers by lancine or by backflushing through the pump. Lancin" rerers to loxverine a xvater
lance into the wxaste and adding water to fluidize hard material under the addition point.
The initial installation height of the pump xill be determined using the in-tank video system.

The sluice nolies in tanks C-102 and C-104 xill be instalied x %thin the existing punp and
sluice pits. Tlh conliguration Of tanks C-107. C-108. and C-1 12 is different in that there are no
concrete pits and only a single central corrugated metal saltxell pump pit. The VWRSs for
tanks C-107. C-108. and C- 112 xxill require design and construction of riser extensions to
support the installation of the two sluleL nozzles and slurry pum. hie in-lank Imagitt systen
xxill be installed in an ax ailable r ser in the tank. Table '-I prox ides the planned is er 1sae for
the tanks C- 02 C- 104, C-IC7 C- (a n d C- 112 WR s. This rte usae My chaxenttue.

vsqueenee n the btom wen isaldi Ohe xani T- yruiaypoee eil

tec f n m s h xn-'an'hicle w insnth num: xvi,-3

ui.< xtan ic h g aui p7 e t pa p I xokc
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Table 3-1. Planned Riser Usage for Tanks C-102, C-104, C-107,
C-108, and C-112 Waste Retrieval Ssstem.

Riser Number Tank C-102'

2 E\RAF cxci

n licer

6 Sluicer

7 acoum I relicf.

camtera p9

Tank C-104

conn"ectin

SIL11cer

Tank C-107' Tank C-l08' Tank C-112

S]uicer Slicer Slu Ier

Cxhaucte
COnnlection

SI Licer Vacuum r
camera po

Vict:: reierf Sluicer

it ElNRAF Icc-c

13 Slurrc pump Slurra pumpp

ENRAF Jx

Slurry pump

Vacuum n
reliefcamcria
p0r2

let l-xhauser

rt cclnnection 1

Sluier

ExIhaujter

- nerredion

FN R A- lccl

ite M relic
cimrri port

oer

SF RAF mp p]

SILurr pumip S'lurrm pumlp
14

Condenser
hatchway

ENKRA I a .:rid.

-- Camera pent

Extraruser --

-- JI)'dnnictio

mnrk o~nraEInc.. Enr I Def.Th eka

A sketch of the WRS installation planned for tanks C-102 and C-104 is provided in Fiure 3-3.
A sketch of the WRS installation planned for tanks C-107, C-10S. and C-1 I is provided in
Figure 3-4. A potential equipment layout in the tank farm is provided in Figure 3-2.

The portable calve box serves to control the routine and fls of ciquid to the sluice nozzles and
Lo control water additions to the waste retrieval process. The \ alve box pro\ ides secondary
containment and the collection/detection of any leakaue in a sump. The portable val%e box has a
leak detector that is connected to the pump shutdossn s stem in the control trailer. In the event
:hat a leak is detected in the portable %alve box. the transfer pumps in the SST beinL retrie-ed
and in the receiser DST wsould be shut dowvn. The portable valve box has a sump and a sump
pump that can be configured to transter any leakage to the SST being retriesed.

I nk- 'i'"vo ~'n'rr- r'>' -'t'l '
Ii. ..- zc

teat 5 rOth 1 *~ L --

&\i't"< n" in eran v'''.'--h-uc e a lw-~-.

c'c't" t-r~
or 22 7'o.- r ' -Qc i- . U-' -.~ -'.5

"b-c 1"

c~, ~ 1

'12 >t't~
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Figure 3-3. Tanks C-102 and C-104 W~aste Retrieval SN-stem In-Tank Components.
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sotten the waste would be if the surface had become so hare it resisted breakup hy solution from
the sluicine nozzles. Extensive drvout of the wNaste (not likely at the estimated wsacer levels and
the 70 to 100 + waste temperatures) could cause some aeclomeration of the material, The waste
could also be held tocether wNith salt crystals from supernate that had exaporated. Should either
of these occur and the sxaste not breakup cffcctively xhcn hit with solution from tie sluicina
nozzles. adding liquid to the waste surface may be tried to soften it for retrieval, Liquid breaks
dowsn the bonds in dried out waste or dissolves most salt crystals. the supernate used ill not be
saturated at the start ofretriex al in a tank and thus will be expected to dissol e such salts or
break the crystal structure down sufficiently to permit retrievaL

The volume of free liquid added to soften any waste would be minimized by keeping the free
liquid height above the ttasie to as small as practical. An,, free liquid added heyond this would
provide little beneit,. the time period needed to soften the xaste is unknown. bu would not be
expected to be more than a few hours to a few days.

Pumping during sluicing will maintain minimum liquid olume in the tanks. this still be
performed b\ initially directing the nozzle flow towards the center of the tanks. As the sluice
liquid contacts the tank waste, the slUdee %%ill be mobilized and retrieved via the slurry pumps.
tvpictlly. one sluicer %till be operated at a time operatine at a flow rate of approximately 60 to
1210 gal/ n.

Th h sg prsu w iseo nole .7) eue sneedt ra padmbiietwse h

Durinn all field actix ities. standard operating procedures and safety precautions wil be
implemented to protect worker health and safety, the public. and the environment. In accordance
with standard olprating procedures. health ps tics and iidustrial health technician> \sill monitor
conditions v ithin the tank farm in accordance with approx Ld monitoring plans.

Liquid still not be added to an SST for the sole purpose of obtaining a level measurement.
loweser. heel submenence remains the best and easiest measurement readily asailable for
estimaiing the heel volume, and level data svill be obtained on an opportunistic basis swhen
performing flushes or during retrieval activities in the latter stages or at the end of the Ntaste

retrieval process.

When the le el of residul solids acts loss in the tank. the voluate of solids removed per unit
Nolume of sluicino fluid removed from the tank still be tracked. the units used -iIll be selected
by Cinginecring persotnel. Waste retrieval operations will continue until less than 360 ft of
residual waste remains in the tank. and or the limits of technoloex hase been reached for this
retrieval method. the limit of technoloes still occur when there are little or no N\ aste solids
being rernmo ed per unit volume of sluicino fluid used.

the follotyin, information ws ill be used to evaluate termination of retrieval and %-ill be shared
sith Ecologv before a decision to terminate field retrieval activities:

System performance and efficiency data
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Table 3-2. Tank C-102, C-104, C-107, C-lOS, and C-112
Waste Retrieval Summan Data. "

Initial Tank
Waste Volume

prior to Retrieval
(kgalj

316

259

247

Retriev al Flush DST Supernate Etimatng

Volume (kgal) Ree ycle (kgal) Du oratin ,
Duration (days)

105

105
105

I05

105

5.07')

2.180

3.-C

ill

108

DST - double-<'e I tank
RPP-2 1 7 t 2 00. C Funn /00-Scris Tun. Rarwvm/ Pros Fl wa>:r Dcurii-n, Rex 1. CH-'. I1l L.L

Hanford (rouap. Inc.. RNicid. Wa higl:.

F1Lishing' e ia-lme a7 ocation fram RPP-2 I .

Duratiottn eaed based en dte genrai operatin assur:ptions oC 3 hi operatrin 7 daks e> ith 60%
oplerati n evictinrc' ,laicIng iUrut.:::' Isslme 3 :0" sO lad, int Nun and a:: ax crawru:n r r ate )f

I min:.

I e rtCum> 1') 'a'exii'e Coatnkv

dep-1yed in r-ut .hOwedtur:uhy o

-th'aes:rr '5,.s..? ''s:' dI X ith aC :in-, nk r.

.(hc hibli 'rc'SUU:. wLu.:? .Unouc> x. '.h

e I-nuan> xehicl a> unt mibliae ssastc

>50CSureC Ua.e ~u a .x'r a C..CereZ. :1n-tU

-y . g l f

-, xh ' "'''
I i'a if nQ

At the cessation of retriexvat operations. the tank walls and heel wxiII be flushed with wNater.
When performing the tank flushes, the flush water may be used to push some of the residual
waste to a convenient sampling location. For each fush. The volume of water aded will be
metered and recorded. The flush liquid will be pumped to a minimum heel followin each (lush
addition. It is assumed that performing the final tank flushes \ill renIOve residaLl IiSOlids to the
extent practical on the ails and diiute soluble radionucliies and chemicals in the tank liquid.
The ENRAF level gauge readings taken during the flushin- will provide backup data for final
tank residual waste measurement.

Assumine a .70(-gal, liquid heel in a tank with no solids present before rinsing isolids are
expected). rinsing with 33.333 oal. of fresh water. pumpine down to 2.700 gal and repeating
twice more, the concentration of soluble constituents in the final 2.700 cal. in the tank wvould be
approximatelx 5 ' 10 of the original heel concentrations. If the pump heel is below 2.700 gal.
or there are solids present in the heel. the dilution would be more. Performing the tinal tank
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Table 3-3. Tanks C-102, C-04, C-107, C-108. and C-112 Waste
Retrieval System Functions and Requirements. (2 Sheets)

Function
Nuclear safet'

Occupational safey
and health

W RS seconder'
containmcnt cue
leak detection

Requirement

I he WRS shal lb d-si'ned and
operated to protecd n rkers. the
pu blic the evironmentt ond
equipment Iron sxposue to
radioactive tank \ait" artd

enissions during he rtexal
ctaipain."

Basis*

\WAC >6-24w

10 UIR St
RPP- 1303

HNF-SD-x V-i
TSR-006
HNFP-IP-: s66

The W1S shall be desined for WAG 7 2
-

safe instaliation. operation and -'83(
mtaiteance. 9 CQ R 1 1R 0

10 C7R S3

9 CF O9f6

For ex-tank etipmnet and piping, 40 C R t6'

the WRS shal incorporate NC 7'.3,(,
secondary contairen and DO 4
leak-detection desig 'ea~tes RPP-0

KeN Elemients

dnsurc prOUCti of
wtotker> and e pubile

from ut I OpCIatiOniS
A>d ptent:: ac -dent

OSHA standards.
Occupatonal Radiation
PrOteetion.

Pras ide or saf: and
conplian: :ransrer of
Dtto rciver
DST.

HR U-SD-WI-
TSR -056

EcmI,'g'm 55 \\ i' ' tae epatm D nt ci og
HIT ACO =wgd!da ai| ee n osmOi
taS = 5 a(t en' i lets N

lasis "u rrnce inoor on r r Seculen 9,(!

3.7 ANTICIPATED IMPACTS OF TANK WASTE RETRIEVAL ON FUTURE
PIPELINE/ANCILLARY EQUIPMENT RETRIEVAL

The existine buried xwastc transfer lines routed to tanks C-102. C-104, C-107 C-10S. attd C-11

have been isolated to prevent the inadsertent transfer of waste or intrusion of %ater into the

tanks. Following xaste retrieval actix ities for these tanks. the nem transfer lines and auxiliarv

equipment will be flushed as needed and the equipment reused or disposed of as discussed in

Section 3.9.

Any line flushes for the new transfer lines should direct the flush solution to the receiver DS I's.

However, because of the physical location of C tank fartm at a lower elevation than the DS 's.

there vill be some line drainback. The holdup for each transfer line is in the 150- :o 200-gal.
range. This solution woutd go to the tank just retriexed. unless a vaixe chance eculd be made to

direct the solution to another SSf covered by this tank x astc retrieval wx ork plan wnich had not

yet completed retriexal.

Flushino of auy %al a oa diversion boxes siould not be necessar% followin retriexal since anx

such flushino. xxhich is expected to be transferred back to the SST beine rtriex ed. xwould be

3-18
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expected to he performed before completion of retrieval. Should the situation arise wsere a
Nalve r] dsvwi :7, box needs to be flushed following retrieval, it is estimated that Ic 1 ush
volume would be in the 100- to 200-cal. rance. this solution would -o to the tunk ust retries ed,

unless a valve chance could be made to direct the solution to another SSt co\ ered by this tank
xaste retrieval work plan which had not vet completed retrie al.

When retriexal activities are completed. the exhauster(s) used s ill be disconnected for use
elsewhere. This will require draining the exhauster seal po: back to the receiver tank for the

drain line. Such drainace will be in the 0- to 20-cal. rane,.

It is currenly planned to leave all in-tank equipment (e.g., the transfer pump) in the tank

followsing retries al. HMw ever, in the unlikely event it is necessary to remove such eCquipment. it
may hase to be \sashed dossn upon removal to remove excess contanination or to reduce
exposure for personnel protection. I he s olume of vater expected for such purposes would likely
be in the 50- to 200-cal. range.

Existing risets. pits. and/or caissons associated with the tanks sxill be isolated follossinc the
retrieval activities. These isolation methods are designed to minimize water intrusion to the tank.

In accordance %\ith RP-13774. disposition of the ex-tank ancillary equipment. including
pipelines. will be performed in accordance wvith a separate component closure activity plan.

Flushingt of old lines or pits would not be done unless required or permitted by the component
closure activity plan. Should such flushing be required or necessary. it wx ould not take place until

closure activities were undersvay. so the impact of any line ilush volumes svould be accounted

for in the closure plan approved tank fill process. See Section 7.1 .' for assumptions regarding

characterization of residual waste in piping system components.

FollowNing retries al. it may be necessary to add smal (0- to 50-gal.) volumes of vater

periodically to flush the ENRAF plummet before tank closure. No other activlties are envisioned
that will purposely add liquids back to a tank once waste retrie al is complete. Should it become
necessary to add liquid to a retrieved tank for any reason other than those stated ahos e. Icology

will be notified per existing notification channels.

3.8 INFORMATION FOR NE\\ ABOVEGROUND TANK SYSTEMS

While there are no nev aboseground waste tanks or waste treatment systems. the ancillary and

containment equipment are considered part of a tank system per WAC-1 73-303-040.
"Definitions. he new abovearound wx aste tank system equipment is described in Section 3.1.1.

The WRS components that contact the ssaste are the equipment installed in the SST risers that

introduce the retrieval sluicing liquid and retrieve the xxaste. temporars aboveeround 1111 IlLs,

and Jipinc in thea portable valve an 0Herson boxe>. Aloseground-pis 0 . . leak detectors.

etc. may also come inl contact with the xxastc should there be transfer line leakace.

3 -19
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3.9 DISPOSITION OF WASTE RETRIEVAL SYSTEM FOLLOWING WASTE
RETRIEVAL

3.9.1 Disposition of New Waste Retrieval System Components

Following completion of waste retrieval. the in-tank equipment ill be lelt in place tor
disposition during component closure actions. The abovegrade equipmnent (eg.. transfer lines.

portable valx e a id fixersion boxos xill be reused to the extent possible for Futrx r atc
retrieval activities in the C tank farm. Transfer lines and the portable valve i r boxes
xAill be flushed to reach acceptable exposure rates for disconnecting and relocating the

equipment- Any abovegrade equipment that needs to be removed and is not suitable for reuse

xxill be packaged and disposed of onsite in accordance xxith the approved vaske acceplance

criteria for the Ilanford Site burial grounds and TFC-OPS-\\M-C-10. Conawmpinatd EPqziipmuen

fanagemet Practices. The Hii11T1s ,,,ill be manuged in accordance xith RPP-1.'

Teomporari Waste Transtr Line Akm Iagemeno Progrom Pan.

3.9.2 Disposition of Existing Ancillary Equipment

Ancillary equipment associated xith tarks C-l02. C-104. C-107. C-108. and C-1 12 is limited to

xvaste transfer lines and equipment installed in pits and abox egrade risers. The current status of

the ancillary equipment associated xwith tanks C-1021. C-I04 C-i 07. C-108. and C-i 12 is
described in Section 2.6, Any contaminatcd equipment located xxithin risers that needs to be

removed folovino xxaste retrieval \%ill be packaged and disposed of onsite in accordance xxith
the approved waste acceptance criteria for the Hanford Site burial grounds and
TFC-OPS-WNM-C- 0.

In accordance xith the SST systern closure plan (RPP- 13774), disposition of the ex-tank

ancillary equipment. including pipelines. xill be performed in accordance xxith a separate

component closure activity plan. Closure plans wvill be incorporated into the SST permit.

3.10 AIR MONITORING PLAN

ORP and CH2MxI HI L.. pursuant to federal requirements for protection of their xorkers. \%ill

develop and implement IH monitoring plans for exhauster stack emissions for the retrieval of
tanks C-102. C-104. C-107. C-108, and C- 1i2. The plans xxill be developed and iipicmented

pursuant to the requirements of TFC-PI >N-43. Tank Farm Conractor HealTh ao Saf1 1Pl61n.

The constituents of potential concern (COPCs) for which exhauster stack satmpli and analysis

will be conducted vill be identified in the Il monitoring plans for each tank retric al.

The COPCs identified in the IH1 monitoring plans xill be all or a subset, as determined to be

appropriate by CH2N1 I1IL 1iH, of those constituents listed in RPP-20949. Data Ozalas
fjeclives Fo- The Evaloation Oft ank Cihemical Emissionsa 1or f dit 'ria/ H en Technical

BRais. Table 4-1 d cieloped with input from Ecology. Once the initial subset ot COPCs is
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Office of [liver Protection, State of Washington Department of Eceolo'

Tank Naste Retrieval Work Plan/Fantio nsti Requirements Moditication Notice

(Per lanford Federal Facility Agreement and Consent Order Section 9.3)

FI Document Title and Number: PIP-22393. Rev. 3C. 2412 , 41C04 241 -C-107, 24l-C-d17

and 241 -C-I 12 lank Waste Retrieval Work Plan

t Minor Field Clumge:
(Section 1 L4 1ItFFACO Action

Plan)

33 Yes:it 11T2. li. tittitd

rOn'r toi - A e siFne1 Fr
'i 1 Cumt enIt sfr record

x No: _n onx] o Bdox 3

6.
Do roosed changes
require schedule changes?
(Wou Id Lhi SeLxtend
completion of retrieval
beyond 12 months from
date o finitiation?)

SYes

I3. Document Issue Date:

11/20/07

4. Document Modification

Notice Date: 3/12/08

5. Notice Number: 2008-2

8. (Check olne bo)

Do proposed changes include 3 Significant Modification

specific additions, deletions, or (Cheeck if thie answer to quesion in either
modification to scope and/or section 6 or 7 s yes' significani

moicain oscp an so oditicatins require revislitn of misc primar

requirements which affect the document.)

overall intent of the plan'? MinO
iino r ModiFic at ion

X Requires nodintcaioi of Ste documnctit

E Yes x No - Can be sccompiklied with Modification
Notice. __

9 Descrption and Justification of Change:

Description
n paragra 5a sectin 4e 3 on a periodic basis as described in RPP-24576, HRR LDM tDala

Processing Assessment, and Reporting Procedure Jr C-Frm. RPI-24576 provides the dea ils

as to how the data are reviewed and on what frequency. Following is a summary of some of
information provided in this document. his summary is for information purposes only. and

where a difference exists between RPP-24576 and this summary, the wording in RPP-24576

takes precedence.
to:.

HRR data will be evaluated on a periodic basis as described in RPP-32477, High Resolotion

Rexist//vv Leak Detection Data Processing and Evaluation Methods and Requirements RPP-

32477 provides the details as to how the data are reviewed and on what frequetncy. Following is

a sumnary of some of the information provided in this document. This summary is for

information PrPoses only, andwhere a difference exists between RP-32477 and this summary,

the wording itt lRlIl-32477 takes precedence.

and make the appropriate changes to the References section.

1 i-Planation
Rpt-24576 was released in March 2005 and is obsolete. It has been replaced with RPP-32477 which

describes the current and improved nethod of IIRR data processiug and review. '[is change is required

to maintatRPP-22393 current with the HRR data processing method used. and is also required as part

of the administrative i HRR whn ud for eak detection durinng SST aste retrievals
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Office of River Protection, State of Washington Department of Ecology

Tank Waste Retrieval Work Pian/Functions and Requirements Modiication Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

10. Impact of Change:

No impact.

11. Additional Requirements and/or Provisions

Words added by Ecologv:
Ecology will do a detailed review following the completion of the RFT report review. Ecology will

review the procedures and provide comments and a recommended TWRWP Min dification if Ecoloay

determines a change is necessary- CU

Approvals

CH2M HILL - anford Group. Office of River Protection State of Wash., Dept. of Ecology

Inc, -12

-i Provisional Approval
2  Provisional Approval 7 Provisional Approva

Date Date Date /

nf (7 ial Approval i H' A.1 A o

Dae 1<1 Date_ P/ Y at - ___

Notes
I - For use by Eology to identify any additional information needed to make a decision regarding the requcst for modifications. In

addition, Ecology will identify actions, if any, regarding the nodification request that DOE may take pending Ecology's final decision

2 roviimonal approval allows DOE and it's contractors to take specific actions identified in section .0, prior to final approval of this

niodification.
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Office of' River P'nrection, Sante of Washiintgton I)partmnent of Ecolog

Tank Waste Retrieval Work Plan/F neions and Requirements Modification Notice

(Per Hanford l-'dleral Facility Agreetnettt and Consent Order Section 9.3)

L Document itie and Number: RilP322393. Rev. 3C, 241 -C-102, 241 C-l104 241-C-107. 24 1-C-I

and 241-C- 112 Tank Waste Retrieval Work Plan

2 Minor Field Change:
(Section 12.4 1!tFA CO Action

Li 'Yes: (:112' tilt Hzwrtrd

Sigjn'urs -(ly- Atanh stnctd irm
to Vrtr- Dtcurt I Or rcoTd

rtopoIe.

3. Document Issue Date: -j, Ni Number: 2008-4

1 -'(110-

4, Documict Modification
Notice Date: 4/17/08

SNo: I'rotsd 'o Dox 3

6.
Do proposed changes
require schedule changes?
(Would this extend
completion of retrieval
beyond 12 mnonthts from
date of initiation?)

Do proposed changes include
specific additions, deletions, or
modi ication to scope and/or

requirements which affect tie
overall iotent of the plan?

- Yes x No

1 Yes x No

9. Deseription and J usti ficatio of Change.

8. iCheck otly one box)

Significant Modiflication
(Clerk if the answer to qucstoi ii other

SeCt Ltn 6 or - is g Sigm oa--t
mod Iiticultts ellI rI ev i'iitt of ri promo

documet] 1)
Minor Modification

x Y qtres moodfiratio of shc dteimoels

x Can he accomplished with Modificatior

Description
in Table 5-1 pg 5-5. under CoMplirOane Mithod (or 265-92 Design and instalat 4 'Netw Tank

Sistoems or Cotponlias, add the fullowiin note:

Note: The 24/-C- 102 and 241-C-104 concrete pits are not/u/l/ comph/mt with 40 CFR 265193

and WAC 173-303-640 secoidar-I conteinment sand/ards and canno he ceild b-- an 1Q1RPE

poursuantt to 40 CFR M65. ! or WAC 1 7-303-640. Tihe tdwricnaive detsign and operaltig

practices. together with 1octon :hla'wtersrin ar as effective as seconidaii eontiMment

because the concrete pits rove Jnsta lleeth detec n svs1itents ct wil] termwntle a aste

tranls fr upon delection of a lak have ethod Cor emtt of anY wasa or liquid 1that coers

the pa, and have sujjicien volunme such thatt dey 1w.l contain, wihou overflowitg tile pit. ctv

leked was e resttlting-fron trats far line ho/t-/ut) drinalg' aind pump opranrn from Mt e ttle

deecni to t", of eutotntalc or operaTor idtced shutdowc thr-emitsflsomr rfre-f

k Hrnlrm.. ce. 'm"' The pits I will tnt he upgt'tided ttad tit sconda)-)

containmntl san/awrds d -ill trot he inspeced by, or cert,/ied iv, on 1QR Pi. An JCRPI:' 1ill

cerqfi- the leiik detectioni operabilitY crileria havii been ot beforite r etl bteguis-

Explanation
This change is made to clarify that the existing pit structures for these two exiSting itnfti for use tanks

will contain Tewa tank retrieval system comnponcnts subject to the 40 CFR 265- 192 [ WAC I 3-3 -

640(3)] requiremient for an iQRPE asscssTielt, but the pits themsselvs wil not be included in fl1 IQRPE

assessment for seCoTdarV containment- RPP- J 0435, Stngl She/ITank Simet im erit; -sesst

iapart. Appendix B evaluiated cxisuing pits and stases I r'ciw a; it d-estgn tat/ipretsl stud

e'r/orl ' /ista''or of tre il- er/tter in i/os scsttcur
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Office of River Protection, State of Washington Department of Etelogy

Tank Waste Retrieval Work P'lan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 93)

compatmc wa/ t/c csoe transfers...-. '- These pits will contain pumps and/or associated piping

components and function as secondary containmrnent for a small portion of the new installation retrieval

systems for these tanks. The pits will not be upgraded to meet secondary containment standards, but will

have leak detectors interlocked to the retrieval system and either surnp pumps or direct drain-hack

provisions for any liquid holdup in the pits. Given that the leak detectors and sump pumps, or drain back

provisions, would prevent a leak from overflowing ou of the pits and that the pits will only be used to

support waste transfcrs for retrieval of these tanks, this configuration is protective ofhumao health aindl

the environment.

Additional Considerations:

* Dose to workers: The close rates are not known in all pits, but where that information is available

rates range from 6 mRiour to 39 Rhour (bela/garnmat Many of the pitsd

High Radiation Areas (limit is 100 mR/hour.) Exposing workers to an, dose to upgrade pits that

are already protective of human health and the environment is not prudent and would not oc in

accordance with the obligation of the Department of Energy, under Title 10 CFR Part 835.

"Occupational Radiation Protection'.

* Retrieval delavs: flecause there is not adequate space on top of the 75 ft- diameter tark to

support three cranes and three work crews, die pits cannot be upgraded simultaneously but would

have to he upgraded sequentially. Additionally, ALARA principles would not allow three

adi acent high radi ation/hi igh contamination jobs to be performed simultaneously. Based on these

considerations and past pit upgrade experience, it could take as long as two years to upgrade the

three pits, delaying retrieval by that period of time. A more detailed estimate would have to be

developed to determine if that schedule could be shorten, but the irmplication is that there would

be a sini ficant delay to the retrievtl schedule.

Q Getieratnofradiacive waste: is estimated that at least one and up to three radioactive waste

disposal boxes will be gcneratcd! per pit, as a result of work required to support pit upgmdes.

10. Impact ot' Change:

No imnpact

11. \dditional Requirements atdor Provisions

ApnrovlaIs

cHNi HILL -t)nfot- . oup R 1 (Officy oR r t'n stot \ ash pI

P!ov/ sional Approval Prov isIoMd Appmit

Date ___ _ Date -t.

7 --- r/Finat Approval pFinal Approv i

Datew Dat_ __al' 
--eop
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Office of River Protection, State ;f Washington Department of Ecology

Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

or use by Ecology in identify any additional iniobimaLil needed to make a dmiion regarding the reqIest for mor ifizatiot. .

it Ecology will identify actiotta, if any, egarding It modniftation rquet: that DOE may take guiding Ecologyla fatal dtei.

Irovisioiial approval allows DOE anti its conlettetors to take specifi actions identified in acenfon 10, prior to final approval offthis

ification,
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AteragcOCY AccoUtAhi e Tea (IAT)

l)freumentation of Agreements ReAched (lAT 20)8-01
May 2, 2008

t: An affinrmative decision is required on this request by May 8, 20(08

Prohlem Stateme'n: le 11 ats for 241-C-104,
in order to avoid retrieval schedule impac

Status of Review: The parties have been dis this a rtio en iao-ary

2008. Originaly Jhe requeSt was going t0 be madce a vahe rpeq ueP

determined that a variance request was nOt app wia ection 9ad 3 t the TPA ro

be a change notice to the TWRWP i accordanec otkSetin 9. -2of ReP . f)On

su t a t chagenotice for Tank Waste retrieval Work Plan TPP-22393W Rev. 3( on

,ubrnitted a chanige e httelnug

April 28, 2008 The chang$ noticed identifd tIat the 4Clguage of 4-CTWRW 
1 ould

be changed to state that the concrete pita assomated witd 241- -102 and 241-Cd 04 ere

Protective of humai health and the environIII and woul d rin e nkupgraded (wose.

secondary containment standards) for the purposes of rctrueevio the tank we.

hEcolOgy's project manager requested that the approval he elevated to the TAT for untely

resolution. DOE sod CTG managers agre

IAT Final Decision'

The IWRWTP languaget was modified and approved as indicated below

Note: The 241-C- 102 and 241-C-104 concrete pits arnt stoc anidit ritb

40 CF? 26593 and WAG 1 73 3 064 sec i . e.iandards and

cannot 
-7 cri together with loca7on

640. The alwnmative design and operating pra ces tge e the oncril

characterishtis are as effective as secondan cnwai/n rmlent because te iraserpi

pits have installed leak detectan st willeinas taenrsr

detectroin ofa leak- have a method for rem Wc or liquid that et S/S

the pit. and have sufficient volume such i/rat /ernin ithodu

Over fowtie ire pit. ar. leaked waste resuiirf, trat. mete line hold-tip

drainageS a _nd pumnp operation from the time at C te/on to tinme ofmaoflaii or

operator induced shutdow n, deda u? meet the sett.u

- The pits will not he upna m e or 1%RKE

cortaintent standards and will not be hispecied biy c ieri hve h an OR E

An IQRPE will Cetifr the 1Cak detectton operabilirtyercra have ben me beforc

retrial begins.

Additional Direction to Staff'

In thn ttrc Tw ;IW iIma cons nt ee 1r.fIfl CrcWh
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SSuiannc Dahh Ecology

0 -- taria Cusack, CH2M JHILL

Ryan Dodd. CH2M IL

Dinat Noys- DOt-ORP
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Table 2 C-102 and C-104 Concte Pi* AppTroximateVolumes_

Voinlutto Volume ofcover Allow for Approx. volume

bottom of cove block lip (gal) volume of in pit to botnm
,9of coe plat-

plate xcl. cover equipmenl in pit of er p

block lip (gal) 2 (gal) _ al

1 0j4___ ___ 33 _9.6o

____-------- - ----

_ 12 ___ 29 2 12

Table 3 C-102 and C- 104 AiOXnit' 30tme o I d in Pit at 1 inc Deiph

Pit_ Volume a- inch Depth (gul)
Pnnrrti I- --.-

477

3-.

Column 2 of Table 4 provides the lengths and volumes o: -IH-Ts used. The iengtos were

obtained from RPP-CALC-34582. The inner hosc is 2 int. I) by 2.35 in 01), which calculates

to 0.163 gal/ft. The outer hose is 4 in- ID which calculates to 0.344 gai/ft. for the annular

space.

Table A C-04 1-ose-in-Hot. Valve P _and Diverso Box oiomatim

1-11 Legth (ft Volume of inner Volume of Outer

Hose 2
H 6 1

[Hose
I loe r4 ______ ___ 124----- 4. 1

Hose 6- 1 : 13o4.3

XlaiCe I r voIlmttic Il
ei Valve Pit

Allowance for somNe

pipe in Divrsion Box

- - 6 6

20.2
19-4

212.6
12.6

- 4

_ _ 9 _

- --

40 9
-18-is

The worst case scenario wotild b if theec was a leak and drainback to the heel pit, since this

pit has tie smallest volume of the thrc,. The leak scenario asstmes tihere is a leak in the heel

nit and the numns are aha: down when the depth imebes 1 o n in the heel pit iflh all h',

quicl in the line from the heel pit to AN-] 01 draincd bac to tile heel nit v' olutme in the Oi

would be:

Vol in Heel Pit aflTer drainback 10- 1i- '102 , 1 .6 - 4 -6 = 21 6 cal
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Wiere: 33.7 heW- pit with I in. oflicuid
100 inner volume of Hose #2

20.2 inner volure of lose #4

212.6 -inner volume of combined Hoses #6 + 8 + 10 -12

4 - allowance for volume of pipe in Valve Pit

6 = allowane for volume of pipe in Diversion Box

To this 286.5 tial must be added the volurne of any outer hose accumulation before the leak

detector was activated which may drain back to the heel pit also. Per RPP-CALC-34582

Hose #2 will drain to the diversion box, but conservatively assurning it drained back the

heel pit instead, the volume in the heel pit would he:

Vol in H eel Pit after drainbacik Hose O2 outer = 286.5 r 211 - 301-6 gal

Therefore, the heel pit could contin approximately 310 gal following drainhack. This is well

below the approximate 2.120 gal volume of the heel pit so waste solution draining Mto the pit

will be eontained within the pit- The pits also contain spaces around the installed equipment

through which accumulated liquid can drain hack into the tank. No credit is taken for this

drainauc in this calculation.

Drainage from the outer hoses between the diversion box and the valve pit would drain to

either one. (Both the diveision box and the valve pit are compliant with the secondary

containment requirements of WAC 173-303-640.) Drainage from the outer hoses between the

valve pit and AN-) 06 would drain to the valve pit. Even if this liquid somehow ciendd up

being misrouted hack to the heei pit the additional volume would not overflow the heel 7nt.

Referencc :

RPT-CALC-34582, 241-C-104 I[TL Leak Raie Cal tion. Rev 6. CH2M Hill Hanford

Group Inc. March, 2008

H-2-41343, Structeral concrete Plan and Sections - Pump Pit (241 -CR). as updated -

H-2-41344. Structural concrete Plan and Sections -- Sluicing Pit (241-CR). as updated

1-2-42145, Structural concrete Plan and Sections -Heel Pit (241-CR), as undated

I1 -10 326, 24 1-C Sluice Retrieval C-114 to AN- 10) iostallation. sheet I as ipda ted

-10~726, 24; - t Sluice Retrieval C-1 104 to AN- 1011 Installa!ion, sheet 2 as undated

F1-14-107326, 241-C Sluice Retrieval C- 104 to AN- 101 Installation, sheet 3 as updated
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Explanation of Pit Upgrade Infornation in TWRWP ModificatiOn Notice 2008-4

Section 9, "Description and Justification ol'Change"- of Tank Waste Retrieval Work Than

Modification Notice 2008-4 states that upgrading the three pits at C-102 and the three pits

at C-] 04 will have the following impacts:

* A schedule increase of approximately 2 years for each tank

* Generate i to 3 radioactive waste boxes per pit

. Result in personnel expostre of 10-15 person-rem per pit

Infonration and data supporting these statements is provided below.

Schedule Increase of anoroximatet 2Yeats

Upgradini each pit requires compeiting thte following 23 separate tasks:

Remove all ,rasi and Caiied equiment from pit so that it is completely eipty

2 Erct a temporary enclosure around pit

Unplug the drain in each pil (required so that water used to decontamiate tIc pit

can drain into the tank) or, if not possihie, install sump pump and tubing to

remove residual liquid
4, Install a temporary drain plug (required so water can be pumped into the pit for

shiciding while cleaning pit)

5- Add a foot depth of water to pit for shielding

6 tLse high pressure spray washer to wash down walls above the foot of water

7. Us high pressure spray washer to remove contamnation ont walls atd pi, floor

below the watet surface

;: Remove drain p ute
t 7sce high pressure spray washer to manual iy su speitd crud at1d cotttotMmftt 101 on

Dottom of pit and pump that which can't srain into the tank so tha: the pit bottom

is as clean as practical

10, Wash down walls and floor again

I. Add riser extensions or drain extensions, if necessary - to support the followinti

step:

12. Add 6 inches of grout to the bottom of pit to fill in pits or cracks and cover up

contatination to permit personnel entry to pit.

13- Enter pit and inspect walls for pits and cracks

14. - ter pit and repair pits and crackst
l. t and d fina! preparmti/slOotntg rnd etach. repairs

16 Add primer coat to walls and floor

17. Ade first coat of polyuea

18, Add second coat of polturea

19. Add third coat of po vureta

20, Ad(' inal coat of Atercout or simila' paint

ntr pit and conduct rat nspection hefote add:tin of equimn e

22.i ntc pit and conduci securd inspeetiti after addition of equpment 50 ejtSL t'2

coating wasn't damaged
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Four basic phases were identified for each job: I) plan the wor: 2) perform the work; 3)

cleanup: 4) and a general 'other. Personnel reoired for each job were identued as:

operators. NPTs, 1HITs, construction lahorersIpipefitteis, superisors. and a general

'other'. The number of personnel and the duration of each phase for each task wore then

estimated for each pit, [his resulted in an estimated 33 weeks to upgrade the heel pit, 41

weeks to upgrade the sluice nit, and 54 weeks to upgrade the pump pit. The total of 130

weeks is 2.5 vesTs. This wa; rounded down to 2 years as it was felt there would be some

schedule improvement with experience.

The three pits need to he upgraded sequentially. There is not room on top of the 75 ft.

diameter tank to support thi-ee crancs and three large work crews working next To each

other, nor would three adjacent high radiation/high contamination jobs he performed

simultaneOusly even if there were sufficient room.

Several key assumptions were made in identifying the above work scope. First is that the

floor drains can be unpiugged in each pit. To perform pit cleaning free flowig (rains, arc

needed to remove the water and contaminated material. The second key assumption is

that pit dose rates can be reduaced to levels allowina personnel to enter the pits for

extended periods of time. If pit dose rates cannot be reduced to levels allowing personnex

entry. the pit upgrades cannot be accomplishe. The third key assumption is that dose

rates from the tank waste will not be too high to allow personnel entry. T he punp pit fit

each tank is located directly on top of the tank dome. It is not known what the dose rate

fiom the tank waste, through the dome and pit bottom, will be in tie bottom oi the pump

pit.

\ olume of RadioaLjgivL W ._Generated

TFimewasnot ava1la0ie to pernlL caiculation o; tiI nuiner of radioactive waste noxe

needed for all the eouitment in each pit However. 1t videos show considcrahie

equipment in each pi. Therefore, it was estimated that at least one and up to three

radioactive waste boxes will be required for cach pit. (Mtih of this equipment would not

be required to be removed if the pits were not upgraded.

Personnel F\nosure
Personnel exposure was estimated for each of the [our general work phases and fot each

of the itour categories ofpersioel required to complete th' 23 identfied tasks.

PCsonnel exposure was calculated by muliplytog the number of personnel by ,he lob

enath, the e tinaten traction o' ri t p tco would he exposed durn c t,6 joI, a rn t

assumed dose rate. (Note: this is not a forn ,ai exposure estimate made y ra tioloicas

engineering personnel using detailee work plans and known radiation iivels. [his

eatintate is order of magnitude only. At this time, speeioc job dose rates and _ob

durations cannot be accurately de timined. Therefore, the exposure estinat; ws r b ased

on reasonable iudgmenti No amOS r-ams 1t mJr were asstmed. which awou I- o Itta

for personaC: entry to an old pit. sino iS tomethodnioy, the total (t0as r a r stil

unacceptably nich, ranging from i peison-rei tor the nec pi to 122 pcrso-ret. o

the pump piL. No wore wouid be atteipied with pettontel exposure estirnat es at these

eveis. Therefore. the assumption was mane that exposure assomiated with toese tasks
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Oticc of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirenients Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

I Iocutein I itle and Number: RPP-22393, Rev- 3' 241-C -i02, 24 -C-104, 241-C-107 24 -C-108
and 241 -C- If2 Tank Waste Retrieval Work Plan

2. Minor Field Change: 3. Document Issue Date: 5. Notice Number: 2008-5
( Seciin Il II UtWACS) Alciion

1 1/20/07
C Yes: (CHIM HtLL Hmifud
Sinnoiiure Oiilv -Aiaclhif~ turn frm

in Pnianrs O1-iimenr foC re erd 4. Document Modification
psiresen Notice Date: 5/7/08

X n: Proceedi to rox
67.
Do proposed changes Do proposed changes include
require schedule changes? speci fic additions, deletions, or
(Would this extend modification to scope and/or
completion of retrieval requirements whicln affect the
beyond 12 months from ovecrall intent of the plan?
date of initiation?)

Li Yes x No
F Yes x No

. Descriptiotn and Jsstification of Change:

8. (Cheeck only one box)

n Siginificant Modification
(Cheek if the asswer to question in ei(e r
section 6 or 7 is "yes igi Iril
imtindi Ca ions reqUire revision of die primary
COilienen. )
Minor Modification

X Requires iireltIeaiii wi Mi icient

Xan bie aveompntlistied wvitli Mtoii eaion

Description
In Section 2.2.1, of RPP-22393,Rev. 3C, revise the second paragraph to add the shaded text as follows:

Tanks C- 102 and C- I04 both have three reinforced concrete process pits that were installed after
initial tank construction to Iacilitate waste retrieval. These pits are constructed of reinforce
concrete and extend abovegrade. The pits provide secondary containment for the primary
transfer piping within, and have removable cover blocks or plates that allow entry into the pits.
The pit floors were constructed with drains that direct any liquid back into the tank through a
tank riser located in the pit. Whwthe rains are plugged any liquid (inrUsion, tank waste, or
other) will be pumped back to ti assooiated SST, The condenser hatclway (not shown in
Figute 2-3) locakd above th dtsidc ddge of the tAk provided an indirect access path into the
tank for ventilation

Explanation 2 _ -

The change clarifies how liquid in the pit wi~l be removed if the pit drain is 'r outed closed o ot se
plugged. - - - -

10 Impact of Chainge:

No impact-
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Office of River Protection, State of Washington Department of Ecntogy
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

II.AdditionlRequiremcnts and/or Pro;

Approvals

CH2M HILL H anford Group, Officc ofRiver Protection State of Wash, Dept. of Eco lgy
Inc.
U Provisional Appr oval . Provisional Approva 2  r Provi sional Approsva]

Date Date Date

Final A oval , Final Approval Final Approval
Datea 2 Dit Date

Notes
I - For use by I olo's to identify iny N dditioial intbrnatiin needed to make a decision rearding te reqiest for nodt La!on, In

addiion. 1-coingy v i di stilt a ns, it any regarding the modification rcquest tiat DOE may take peiding ;cology s final decision
2 Provisional approval allows DO and it' nitriactors to take specific actiions ideited in section 9, prior to fipal approv off1his
modifictanoi.
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

I. Document Tile and Number: RPP- 2 2 393 Rev 3E, 241-C-102.,241-C-104, 241-C-107, 241-C-108
and 241 -- 1 12 Taink Waste Retrieval Work Plan

2. Minor Field Changce:
(Son ion 12.4 1 1FFAC) Action
Plan)

M Yes: (CI-I2M HIll. I-ftIoed
Sipnrmlh;Y Oinly - Attach sinid Frll
0 PrtinKir' DOuCiest or 1O0m-1

X No: Proceed to t. 3

6.
Do proposed changes
require schedule changes?
(Would this extend
completion of retrieval
Sbeyond 12 months from
date of liiation?)

7. Yes x No

3. Document Issue Datc: 5, Notice Number: D08-6

6/26/C8

4. Document Modification
Notice Date: 7/3/08

7.
Do proposed changes include
specific additions, deletions, or
modification to scope and/or
requirements which affect the
overall intent of the plan?

- Yes x No

8. (Check onk one box)

0 Significant Modification
leheek If the aswer to questin is eithe~r
section 6 or 7 is "yes. Significant
modifications require rcvisin of ihe primary
docutment..)

Minor Modification
X Requires modification of the document

x Can be accomplshed with Moditication

9. Description and Justilication of Change:
Description: Delete the current Section 4 from RIP-22393 Rev 3K and replace it with the attached new
Section 4 wording. Revise lie Table of Contents and the Reference section for consistency with the
Section 4 changes.
Justification: Section 4 is on leak detection. [he attached Section 4 rewrite is rewritten to be consistent
with [he Section 4 wording in RPP-33116, 241-C-1 10 Tank Waste Retrieval Work Plan. Rev 2, which
was approved y ltcologv on 7/3/08. The only differences between the RPP-33 116 and RPP-22393
Section 4 wording is specific tank related information. This wording change ensures that the same leak
dection wording is present and applied in both documents.

10. Impact of Change:

No impact.

j1. Additional Requ irements and/or Provisions

Ap2provs Z

C112M111 ILL llattfon

Ptov-isionial Appro'

[.ate
,gvitial Ap ivo ai p

Date 71/_, ,

d Group Office of Rivcr Pr teclion 1Siate of Wash. Dept. of Ecology

vai E Provisional Approval 2Provisional Approval2

Date Date

S na Ap' It C IFinal Approa I
ate I Date / 2
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

. Provisional Approval E Provisional Approval 7 Provisional Approva
Date Date Date

D Final Approval 7 Final Approval 7 Final Approval
Date I Dat Date

Notes
1 - For use by Ecology to identify any additional information needed to make a decision regarding the request for mnodificaionis In
addition, Ecology will identify actions, if any, regarding the modification request that DO may take pending Ecology's final decision
2 Provisional approval allows DOE and it's contractors to take specific actions identified in section 10, prior to final approval of ihis
modification.
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The pages attached to Modification Notice 2008-6 are omitted here for the sake of brevity. The
pages attached to Modification Notice 2008-6 when submitted to Ecology for approval are the
same as pages 4-1 through 4-25 in the main body of RPP-22393 Rev 4, with two exceptions.
One exception is the requested deletion written in Block 11 of the mod notice by Ecology. The
second exception is the deletion requested by Ecology of what was the third sentence in the
second paragraph in Section 4.2. Both of these deletions have been made in the released version
of RPP-22393, Rev 4, Section 4. The original pages of Modification Notice 2008-6 as marked
up by Ecology are on file with the TPA and Permitting group of the tank farm contractor, and
with Ecology.
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanrford Federal Facility Agreement anti Consent Order Section 9.3)

adocumentTle a Number RPP-22393, Rev. 3 E. 241C-102. 241-C-104, 241-C-l 07, 241-C-108

and 241-C-l 12 Tank Waste Retrieval Work Plan

2. Minor Field Change: 3 Document Issue Date: 5. Notice Number: 2008-7
iSetion 12.4 FItACO Actio[
Ilan) 6/26/08
- Yes: ftt2M 111L Haaridrd

Sigmuir 5 y }1,%- Ailac sigedt f m
lo Ilriniiry Doc ment 51m 2ecord
pirpot'3Si

X No: It)cL lPce 3

6.
Do proposed changes
require schedule changes?
(Would this extend

t. Document Modiicati on
Notice Date: 7/3/08

7.
Do proposed changes include

1 specific additions. deletions, o
modification to scope and/or

completion of retrieval requirements which affect th
beyond 12 months irom overall intent of the plan?
date of initiation?)

C Yes x No
n Yes x No

9. Description and Justification of Change:
Description: Delete the following wording in Section 3.2:

c

S. (Check only one box)

Significant Modification
r (Check if the aiswer to question in eithcr

sectiois 6 or 7 is "e. Significant
modi fIeatiosis require revision of the primary
ducuroctt)

NIinor Modification
x Requires modificstion of the docoment

x Can be accomplished with Modification
Notice,

A chemical analysis of the technctium-99 in the supernate of the receiving DST shall be obtained for
DSTl samples taken during the retrieval process. This value will be reported in the retrieval data
report. and compared with (1) the currently estimated BBI concentration, and (2) estimated flowshees

changes in the supernate technetium-99 concentration.

and add the following wording in its place:

Should the SST he shown to leak during the retrieval process, a liquid sample will be taken if needed
to verify the 9 fTc concentration in the DST sopermate used for sluicing.

Should a DST sample be required during the C-I 02. C-104, C-107 or C-I 12 retrieval process for
corrosion control or other reasons, a "lTe analysis will he requested on the sample. A DST sample
has already been obtained dUring the C-108 retrieval process.

Justification: See attached white paper on deletion of the 'Te sample requirement- This white paper
w as originally provided to Ecology wish the RCR file for the RPP-331 16 Rev I TWRWP (C-I 10).
I lonever. the wording in this white pipte oovers deletion of the " Tc satm ple requirement for both the
C-I 10 )RP-I33I 16) and the C-102. C-104, C-107, (-108, and ('-112 (RPP-22393) 'I\WRWPs, The
C-I 101 '\WRWP with the reqtirement for a 9The sanple deleted was approved by Ecology on 7/3/08.
The basic justiication lor deleting the satmple requirement from RPP-22393 is that there is no bestelit to

taking a DST supernate sample prior to the need. If an SST leak occurs during retrieval a DS f supernate
sample can be obtained following the leak. Not obtaining a sample until it is needed will have no impact
on the subsequent ability to analyze the DST sample f-1 (1 jc. and not obtaining an unnecessary sample

wtill s ive personnel eNposure. solid v asic volume and resources.
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requiremrents Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

10. Impact of Change:

The impact of this change is that money spent, personnel exposure, and solid waste volumes will be
reduced, with no offsetting problems.

11. Additional Requirements and;or Provisions'

Approvals

CH2M HILL Hanford Group, Office of River Protection State of Wash-, Dept. of Ecology
Inc.

F Provisional Approval2  - Provisional Approval2  Provisional Approva 2

Date Date Date

>FinaAp r t Final pp a Approval
Date , fDate 1-VDatel-il-0

Notes
1 - For use by Ecology to identify any additional infonnation needed to make a decision regarding the request ltnodificaiions, In
addition, Ecology will identify actions, if any, regarding the modification request that DOE nay take pending Ecology's final decision
2 Provisional approval allows DOE and it's contractors to take specific actions identified in scetion 10. prior to final approval of this
Inodification,
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White Paper on DST Sampling for 99Tc during
Modified Sluicing SST Waste Retrievals

Revision 2

Summary of Issue

The current tank waste retrieval work plans (TWRWPs) for C-1031C-109 and
C-10t2/C-104 C-107/C-108/C-1 12 require a DST supemate sample be obtained and
analyzed for "( Te during ssT waste retrieval processes using modified sluicing. The
C-I 1 0 TWRWP does not include this requirement, instead it states a DST supernate
sample will be obtained and analyzed for 9"Tc if needed should the SST leak during
retrieval, or. if a DST supernate sample is needed for some other reason during the waste
retrieval process (such as for corrosion control). a " fc analysis will be requested on the
sample. Obtaining DST samples prior to a specific need is unnecessary and results in the
expenditure of resources, unnecessary personnel radiation exposure and the generation of
extra radioactive waste. A DST supernate sample can be obtained if necessary should an
SST be shown to leak during waste retrieval. The C-Farm modified sluicing TWRWPs for
C-I 03/C-109 and C-I 02/C-104/C-107;C-1 08/C- 112 are planned to be modified to state a
DST supemate sample will be obtained and analyzed for "Te if needed should the SST
leak during retrieval, or, if a DST supernate sample is needed for some other reason during
the waste retrieval process (such as for corrosion control), a "Te analysis will be requested
on the sample.

Background

The C-103/C-109 TWRWP (RPP-21895, 241-C-103 and 241-C-109 Tanks Waste
Retrieval Work Plan) and the C-102/C-104/C-107C-108/C- 112 TWRWP (RPP-22393,
241-C-102, 241-C-104, 241-C-107, 241-C-108 and 241-C-112 Tanks Wastc Retrieval
Work Plan) both state words similar to the following as a requirement when performing
modified sluicing in an SST using DST supernate solution as the sluicing liquid:

A chemical analysis of the technetium-99 in the supernaoe /the receiving DST
shall be obtained for DST samples takren during the retrieval process, This value
will be reported in the retrieval data report, and compared wi/h (1) the currently
estimated B RI coneentrohion, and (2) esiimatedflowsheer changes in the supernate
technefium-99 concenrradion.

This requirement has been requested by Ecology so that, if the SST leaks during retrieval,
an estimate of the risk involved can be made by multiplying the DST NTe concentration by
an estimated SST leak volume. This sampling has been agreed to by DOE-ORP only
because DST supernate samples have been required in the past for corrosion control and
the 9Tc analyses were 'piggy backed' onto the corrosion control samples.
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Discussion

Ecology desires the 9 Tc concentration in the DST supemate so that, should an SST leak
occur during rctricval, the quantity of 9"Tc which enters the soil can be estimated. Two
items are needed to estimate the quantity of "Te which enters the soil, the leak volume and
the "Te concentration in that leaked solution. Should an SST leak, the leak volume will
not be a measured quantity, only an estimate. The accuracy of this volume estimate is
dependent upon the data available at the time. The concentration of 9Te in the DST
supemate at the time of the SST leak will be known in to a similar or better accuracy than
the accuracy of any leak volume estimate. The DST supemate concentration is known
from the latest BB data for the tank, and can be adjusted as needed based upon transfers
into the tank, if any, following the BBI date. The BB data is based primarily upon past
samples of the supcrnate and transfers in and out of the tank since the last sample was
taken. The BB1 may also consider other factors that can narrow the expected "Te content,
such as the ratio to other easily analyzed soluble or insoluble radionuclides in the tank.
These ratios may be based upon reactor fission yield and the source(s) of the waste in the
tank.

Despite having an estimate of the 9Tc concentration in the DST supernate based upon BBI
data, a validation of this estimate can still be obtained if needed by taking a sample of the
DST supernate should an SST1 leak. This sample would confirm or update the BB "Te
value used for the initial 9 Tc release estimate following the leak.

The specific reasons for not needing a DST supernate sample for 9 Te prior to an SST leak
are:

1 Past BBI data has showed a close estimate of the vTe concentration in AN-106.
The 5 samples taken from various depths in AN-106 in May 2006 during C-103
retrieval showed an average concentration within a few percent of the calculated
BB1 value', This demonstrates that the DST Tc concentration can be reasonably
be predicted based upon previous sample data and waste transfers.

2. Another set of 5 samples were taken from AN-106 in May of 2007 when the
modified sluicing of C-108 was about 88% complete. Since May of 2007, C-109
retrieval was initiated and is about 84% complete. The 9

"Tc concentration in

AN-106 following the completion of all C-108, C-109 and C-1 10 retrieval has been
conservatively estimated and is almost exactly the same, 0.0475 pCi/mL vs. 0.0477
RCi/mL, as that used in the risk calculations for C-1 10 provided in RPP-331 16 Rev
CA. The slightly higher value will be maintained tor the risk calculations in RPP-
33116 Rev 1.

3. A separate sample for 5 Te will incur extra radiation exposure to personnel,
generation of additional radioactive waste requiring disposal, and expenditure of
resources. Sampling will also result in downtime and delays to other work while
the sample is being taken, This sample would provide no offsetting benefits to
these factors because, should the SST leak during retrieval, the DST supernate
could be sampled at that time if needed to verify the DST '6 Tc concintration.
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4. For past SST waste retrievals, DST supernate samples have been agreed to because
DST samples were also required for corrosion control, so the 9

Te sample analysis
was 'piggy-backed' onto the corrosion samples. Future retrievals may not require
corrosion control samples, hence, the "Tc would be a stand-alone singular purpose
sample not supported by any current DQO.

Proposed Resolution

It is proposed that the wording be put in the C-I 10 TWRWP (and similar wording in RPP-
21895 and RPP-22393) to say:

a. Should tank C- 110 be shown to leak during the retrieval process, a liquid sample
will be taken if needed to verify the 9Tc. concentration in the DST supernate used
for sluicing.

h. Should a DST sample be required during the C- 110 retrieval process for corrosion
control or other reasons, a "T analysis will be requested on the sample.

Summary

Taking these samples prior to a need is unnecessary and results in untnecessary expenditure
of resources, unnecessary personnel exposure, and unnecessary generation of radioactive
waste. The proposed resolution will provide the desired infonnation.

I The 4-30-06 samples of AN- 106 showed a "Tc concentration of 0.0279 pCi/mL The
concentration calculated from the BBI for the same time was 0.0288 pCi/imL. The
flowsheet for C-Fam retrieval, RPP-21753, estimated that the DST concentration would
be 0.0302 pCi/mL before starting C-103 retrieval and be 0.0267 Cti/mL following C-103
retrieval. The 4/30/06 AN- 106 "Te sample information was provided to Ecology with
the C-103 RDR, RPP-RPT-33060, Retrieval Data Report for Single-Shell lank 241-
C-103, Rev 0. The DST sample result was the average of five samples taken at five
different depths (0.0279. 0.0273, 0.0284, 0.0285 and 0.0283 pCi/mL, as reported in RPP-
RPT-297?7, Final Reportfor Tank 241-AN-106 Grab Samples in Support of Corrosion
Mitigarion and Compal(biify Programs, Rev 0. The consistency between sample results
at different depths and the close comparison of the flowsheet value to the sampled value
demonstrates that the DST supernate concentration can be adequately estimated during
SST modified sluicing waste retrievals.

2 The 5-22-07 samples of AN-106 showed a 99Th concentration of 0.0175 pCi/mL. This
concentration was the average of five samples taken at five different depths (0.0 159,
0.0174, 0.0197, 1.0177 and 0.0167 pCi/mL, as reported in RPP-RPT-34287, linal Report
for Tank 241-A N-106 Grab Samplesjbr Corrosion Mitigation and Comnpatibilitv Support,
May 2007, Rev 0. Per RPP-22 521, Tanks C-101, C-105, C-I 10, and C-Il l Long-Term
Human Health Risk Calculations to Support Tank Waste Retrieval Work Plan, Rev 3,
conservatively assuming all of C-108, C-109 and C- 10 are added to AN-106 and no
water is used in the retrieval processes the AN- 1 06 '"Te concentration will be
0.0475 pCi/mL at the end of C- I10 retrieval.
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

1. Document Title and Number: RPP-22393, Rev. 4, 241-C-102, 241-C-104, 241-C-107, 241-C-l08
and 241-C-112 Tank Waste Retrieval Work Plan

2, Minor Field Change: 3. Document Issue Date: 5. Notice Number: 2009-2
(Section 12A IFFACO Action

I'lan)8/17/08
EI Yes: f H2M zt P1ti. Hanford
Signanire Only Attachs igaed form
to Prirnarv Docarment for record
Pnrposcs)

X NO: PrOceed 1u 1-SIN3

6.
Do proposed changes
require schedule changes?
(Would this extend
completion of retrieval
beyond 12 months from
date of initiation?)

L Yes x No

4. Document Modihiation
Notice Date: 2/27/09

7.
Do proposed changes include
specific additions, deletions, or
modification to scope and/or
requirements which affect the
overall intent of the plan?

j Yes x No

S. (Check only one box)

n Significant Modification
(Check if the answer to qucslion in either
section 6 or 7 is "yes". Significant
modifications require revision of the primary
document.)
Minor Modification
x Requires modification of the document

x Can be accomplished with Modification
Notice.

9. Description and Justification of Change:

Description
In Section 3.2 of RPP-22393,Rev. 4. revise the last paragraph, pg. 3-11, to add the shaded text as
follows:

A process ilowsheet has been prepared for the C farm 1 00-series tanks (RPP-21753, C Farm
100-Srioes Tonks Retrieval Proces Flowsheet fescripjtion). The calculations performed in
support of the flowsheet assume that the retrieved solids are about 3 vol% in the slurry
transferred to the receiving DST. [he waste retrieval process flowshect estimate of the total
liquid volume transfierred during the sluicing of each tank is providcd in Tablc 3-2, In addition,
the flowsheet allocates a nominal 105,000 gal. of water for tank and equipment flushing during
each tank's waste retrieval operations. Following the initiation of C-104 active retrieval
operations, solutions currently contained in the CR vault sumps for Cells 1, 2, 3, and 11, and line
flush w ater may be transferred using-a hose-in-sleeve line into C-104 for subsequent transfer out
to the receiving DST.

In Section 3.8 of RPP-22393,Rev. 4, add the following second paragraph:

Transfer system equipment provided for transferring CR Vault sump solutions to C-104 will
meet the requirements of WAC 173-303-640 (3)(a)i

Explanation

It is estimated these sumps contain a nominal 100 gallons, 1,500 gallons, 1,80) gallons, and 7.300
gallons, respectively. The solutions are believed to be rainwater accumulation containing radionuclide
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

and chemical contamination from past spills into these sumps. Routing this liquid direct to C-1 04 is
preferable to installing additional transfer lines and connections to tic into lines to AN farm, or running
new lines to AN farm. Not only will this permit earlier removal of the liquid, but there will be much less
contaminated equipment to dispose of when the operations are complete

10. Impact of Change:

No impact.

IL Additional Requiremens and/or rovions : / y V( 4 c

tA OL - - J '

Approvals reefl . I Y~o ( it t 4 Y /

Washington River Protection I Office of River Protection
.Srs/rsons mun

State of Wash., Dept. of Ecology

VrProvsiorI ro1a Poviional Approva rI rovi. provat
Date 0 ___ Date

C-Yhinal A roval . r Final Appr al [4inal. Ipp~o
Date It". DI e od. Date --

Notes
I - For use by Ecology to idcntify any additional information needed to make a decision regarding the eicst for modiications. In
addition, Ecology will idcntify actions, if any, regarding the modification request that DOE nay take pending Ecology's final decision
2 - Provisional approval allows DOE and it's contractors to take specific actions identified in section )4 prior to final approval of this
modification. 14 /
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The next two pages are a list of requests/questions from Ecology referred to in Block 11 of the
mod notice and a figure Ecology requested to be formally provided. The four pages after that are
the requests/questions with responses and the figure with an attachment designation at the top
showing it is associated with Request A-1. The last (7t ) page is a figure requested in Request
B-2.
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Attachment to Modification Notice Number: 2009-2
RPP-22393, Rev. 4, 241-C-102, 241 -C- 104, 241-C-1 07, 241-C-lO8 and 241-C-I 12 Tank Waste Retrieval

Work Plan
Ecology requests the following information be supplied to the Modification Notice through an attachment.

The purpose of this additional information is to provide documentation that will indicate planning ensures
environmental protectiveness, procedures are in place to detect and mitigate leaks, completed and IQRPE-
reviewed design, and use of appropriate operational procedures during waste transfer.

A. Provide identification of CR Vault cells and associated facilities and equipment- configuration and
waste characteristics

1. Include the attached diagram (244-CR VAULT MEASUREMENTS DEC, 2004 (RPP-RPT-
24257) that shows vault components and lists tank and cell liquid and solidfsludge volumes.

2. Provide results of sump sampling and analysis from each cell to Ecology prior to start of waste
transfer out of CR vault.

3. List all pipelines and equipment associated with the proposed waste transfer action.
4. List existing information on condition of transfer pipelines and transfer equipment.

B. Planned Waste Removal and Transfer Technology
1. Describe removal system/technology and capability (pumps, cameras, flow measurement

equipment, etc.).
2. Provide a diagram of the transfer system (include flow path, elevation changes, and layout).
3. List waste transfer start date(s) to C- 104 for each sump.
4, State anticipated performance of technology with the goal to remove all waste as possible from

the cell sumps.
5. State that the waste from the CR vault cell sumps is being transferred to AN-10 1 via C-104 and

must be pumped out as soon as practical from C-104. Vault cell sump waste can be transferred
to C-104 after C-104 retrieval operations have removed at least 12,000 gal of waste.

6. Describe the disposition of the system and equipment at the completion of waste transfer.

C. Description of planned leak detection and monitoring technology(s) for transfer system
1. Identify leak detection and monitoring during transfer, including drain back pathways.
2. Identify existing level measurement instrumentation in sumps and receiver SST.
3. Identify future sump and vault tanks level monitoring activities.
4. Describe mitigation strategy including a response plan to a detected leak during waste transfer

(identify responses to various leak rates) including notifications and provisions for obtaining
approval of any remedial actions.

D. Regulatory and other requirements in support of waste transfer operations
(If the transfer is using an -11T, then it must conform to the WAC Regulations (173-303-640) and
the IH11 Management Plan.)
1. State in the associated TWRWP that waste compatibility assessment of adding CR vault waste

into C- 104 and AN- 101 will be performed if necessary and waste transfer is compatible with
AN-101.

2. Provide Ecology with latest revision of the C-104 to AN- 101 Waste Compatibility Assessment
prior to the CR Vault sump waste transfer.

3. State in the associated TWRWP that the procedures in place for waste transfer from C- 104 to
AN-101 will be in place and used for CR Vault waste transfer.

4. Include in the associated TWRWP, that an IQPRE report of all equipment to be used for transfer
(provide information to demonstrate compliance with WAC 173-303-640 (3) for any new,
including above ground, systems) will be completed before waste transfer.
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Attachment to Modification Notice Number: 2009-2
RPP-22393, Rev. 4, 241-C-102. 241-C-104. 241-C-107, 241-C-108 and 241-C-1 12 Tank Waste Retrieval
Work Plan
Ecology requests the following information be supplied to the Modification Notice through an attachment-

Responses to Ecology requests art provided in hold blue font.

The purpose of this additional information is to provide documentation that will indicate phuimning ensures
environmental protcctiveness, procedures are in place to detect and mitigate leaks, completed and lQRPE-
reviewed design, and use of appropriate operational procedures during waste transfer.

A. Provide identification of CR Vault cells and associated facilities and equipment- configuration and
waste characteristics

1. Include the attached diagram (244-CR VAULT MLASLRL MLNT S DEC. 2004 (.RPP-RPT-
24257) that shows vault components and lists tank and cell liquid and solid/sludge volumes.

Response: Figure ES-1 from RPP-RPT-24257 Rev 0 is attached.
2. Provide results of sump sampling and analysis from each cell to Ecology prior to start of waste

transfer out of CR vault.
Response: An action item has been added as a prestart condition to the CR Vault sump
pumping schedule to provide this information to Ecology.
3. List all pipelines and equipment associated with the proposed waste transfer a ion.
Response: There will be a nominal one inch hose in sleeve line that runs from above ground
by the CR vault to C-104. This line will be connected and disconnected in turn to the
discharge of the four pumps inserted into each of the four sumps. There is planned to be a
camera inserted into the vault(s) to observe the pumping. Power is planned to come from a
local generator. Pump control will be with a local on/off switch .
4. List eisting information on condition of tansfer pipelines and transfer equipment.
Response: The transfer line and the pumps are new.

B. Planned Waste Removal and Transfer Technology
1. Describe removal system/technology and capability (pumps cameras, flow measurement

equipment, etc.).
Response: The pumps have a nominal 10-20 gpm transfer rate depending upon the transfer
head. The camera used will be a standard color video camera of the type normally used inside
waste tanks and pits. There is no flow measurement equipment.
2. Provide a diagram of the transfer system (include flow path, elevation changes. and layout).
Response: Attached is a sketch of the transfer system.
3. List waste transfer start dale(s) to C- 04 for each sump.
Response: The transfers will be done in the August to mid September time frame. The
currently scheduled start dates are: CR-01I sump - August 4, 20119, CR-002 sump - August
13, 2009, CR-003 sump - August 19, 2009, and CR-001 sump - August 26, 2009. However,
the added requirement in B-5 helow to not transfer into C-104 until 12 kgal have been pumped
out of C-104 ties start of CR Vault sump pumping to after the start of C-104 retrieval. C-104
retrieval is scheduled for startup August 18, 2009, which will delay the above dates
accordingly.
4. State anticipated performance of technology with the goal to remove all waste us possible from

the cell sumps.
Response: The pump free liquid heel is expected be in the range of 21 to 26 gal for each sump.
s. State that the waste from the CR vault cell sumps is being transferred to AN-101 via C-104 and

must be pumped out as soon as practical from C-104. Vault cell sump waste can be transferred
to C-104 after C-104 retrieval operations have removed at least 12,000 gal of waste.
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Response: The liquid in the CR vault cell sumps is being transferred to AN-101 via C-104 and
must be pumped out as soon as practical from C-104. Vault cell sump waste can be
transferred to C-104 after C-104 retrieval operations have removed at least 12,000 gal of
waste.
6. Describe the disposition of the system and equipment at the completion of waste transfer.
Response: The transfer line-anl-pu-npswill be removed and disposed of as mixed wastes at
the end of the transfer.

C. Description of planned leak detection and monitoring technology(s) for transfer system
1. Identify leak detection and monitoring during transfer, including drain back pathways.
Response: Transfer line leak detection will be accomplished by visual observation of the
transfer line for leaks during the active transfers.
2. Identify existing level measurement instrumentation in sumps and receiver SST.
Response: A zip cord is used periodically for level measurement instrumentation in the sumps.
The C-104 Enraf will be removed during the CR Vault sump transfers and reinstalled when
the CR Vault sump transfers are complete. The C-104 Enraf plummet will be retracted if the
CR Vault sumps are pumped into C-104 during active retrieval operations.
3. Identify future sump and vault tanks level monitoring activities.
Response: In the future the sump levels will be measured with zip cords, or an Enraf if these
gauges are installed on the sumps. It is currently planned to install Enraf level gauges on
tanks CR-001, CR-002 and CR-01 I during the next fiscal year. CR-003 currently has level
indication capability.
4, Describe mitigation strategy including a response plan to a detected leak during waste transfer

(id-ntify responses to various leak rates) including notificalions and provisions for obtaining
approval of any remedial actions.

Response: The mitigation strategy is to shut the transfer pump off when a leak is detected, and
to contain the leak as practical until cleaned up. The response is the same regardless of the
leak rate. Notification to regulatory organizations will be performed in compliance with TFC-
OPS-OPER-CD-01, Event .Votification, and TFC-ESHQ-ENVFS-C-01, En vironmental
Notification.

D, Regulatory and other requirements in support of waste transfer operations
(Ifthe trans#&r is using an IJITL, then it must confoim to the WAC Regulations (1 -3-303-640) and
the HIHTL Management Plan.)
1. State in the associated IWRWP that waste compatibility assessment of adding CR vault waste

into C-104 and AN-101 will be performed if necessary and waste transfer is compatible with
AN-101.

Response: Words will be added to RPP-22393 stating that transfer of CR vault sump waste to
AN-101 via C-104 will be documented in a compatibility assessment, if such documentation is
necessary.
2. Provide Ecology with latest revision of the C- 104 to AN- 101 Waste Compatibility Assessment

prior to the CR Vault sump waste transfer.
Response: An action item has been added as a prestart condition to the CR Vault sump
pumping schedule to provide this information to Ecology.
3. State in the associated TWRWP that the procedures in place for waste transfer from C-104 to

AN-101 will be in place and used for CR Vault waste transfer.
Response: The CR Vault sump transfer will have its own procedure. The transfer from C-104
to AN-101 is a separate procedure. CR Vault sump solution sent to AN-101 is transferred out
to AN-101 using the C-104 to AN-101 transfer procedure This procedure has tobe in place
prior to startup of C- 104 retrieval so there is no need to add any additional words to the
TWRWP on procedures.

*Per Change Notice 2010-2 on pg G-60, the words "and pumps" are deleted.
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4. Include in the associated TWRWP, that an IQPRE report of all equipment to be used for transfer
(provide information to demonstrate compliance with WAC 173-303-640 (3) for any new,
including above ground. systems) will be completed before waste transfer.

Response: An action item has been added as a prestart condition to the CR Vault sump
pumping schedule to provide this information to Ecology.
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Office of River Protection., State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per 1Hanford Federal Facility Agreement and Consent Order Section 9.3)

1. Document Title and Number: RPP-22393, Rev. 4241-0-102.241-C-104, 241-C-107, 241-C-108
and 241-C-112 Tanks Waste Retrieval Work P1 an

2, Minor Field Change:
(Section 124 HFFAC( Action
Plan)

ci Yes: (WRPS Signiturc Only
Attach turned fbirn 1(s Primate
Document for recurd pumpoest

x No: Proceed to Box 3

6.
Do proposed changes
require schedule changes?
(Would this extend
completion of retrieval
beyond 12 months from
date of initiation?)

z Yes x No

3. Document Issue Date:

8/7/08

4. Document Modification
Notice Date: 3/09/09

Do proposed changes include
specific additions, deletions, or
modification to scope and/or
requirements which affect the
overall intent of the plan?

L Yes x No

9. Description and Justification of Change:

5. Notice Number: 2009-4

8. (Check only one box)

E Significant Modificalion
(Check if the answer to question in either
section 6 or 7 is "-es Si"nifeant
modifications requirec revision of the primary
document.)
Minor Modification

X Requires mrtdification of the documeit

x Can be accomplhshed with Modification
Notice.

Description: Delete pg 3-1 and Appendices B and E in RPP-22393 Rev 4 and replace with new pg 3-1
and Appendices B and E (attached are redline-strikeout copies of changes), and make appropriate
changes to the references.

Justification: The only change in the main body of the TWRWP (on pg. 3-1) is to show AN-101
instead of AN-106 as the source tank for the C-112 sluicing supernate. The changes to the two
appendices update the risk and hazard quotient plots and the associated numbers in the text.

The concentrations of key indicator constituients in potential SST leaks during retrieval of C-104 and C-
112 are changed from those assUmed for the previous leak risk calculations in 2005. This mod notice
form is required due to a change in the composition of the supernate in the DST, AN-101, which will be
used to sluice these tanks. and because the supernate source tank for 0-112 is changed From that in Rev 4
of the TWRWP. The TWRWP currently shows AN-101 being used to sluice C-104 and AN-106 to
sluice C-112. Per wording in Appendices B and I, if the DST supemate concentrations increase above
those assumed in the Appendices, or if the source tank for the supemate changes. a mod notice is
required to reflect the change- In addition, the previous versions of Appendices B and E provided both
an assumed nominal leak concentration and a worst case assumed leak concentration for each tank. The
revised calculations delete the unnecessary nominal concentrations and provide a single conservative
concentration for each constituent.

Table I shows the previous nominal and worst case retrieval leak concentrations assumed in 2005 and
the revised 2009 single assumed retrieval leak concentrations for C-104 and C-112. Note that the worst
case "Tc retrieval leak concentration increases by -46%, the worst case Cr retrieval leak concentration
drops by - 77%, and the worst case NC 2 retrieval leak concentration increases by ~86%.
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

Table I Previous and Updated Retrieval Leak Concentrations

Tc (CL/) Chrom ion (ko/L) Nitrite(kg/L)
C -104 2005 nominal leak cone. 4.02E-05 4.85E-04 2.54E-02
C-104 2005 worst case leak conc. 830E-05_ 2.3E-03 4.3E-02
C-104 2009 single leak cone. 1 21E-04 5.28E-04 &OIE-02

C-112 2005 nominal leak cone. 38E-05 1.27E-04 2.33E-02
C-I 12 2005 worst case leak cone. 8.30E-05 2.3E-03 4,3E-02
C-1 12 2009 single leak conc. 1 .21E-04 5.28E-04 8.01 E-02

The risk and hazard quotient plot Figures B-1, B-2, B-3, E-1, 1-2, and E-3 are replaced as well as
necessary numbers and words in the supporting documentation, as can be seen on the attached redline-
strikeout copies of the revised appendices. The only change on pg. 3-1 in the main body of the TWRWP
is to show AN-M instead of AN-l106 as the source rank for the C-I 12 sluii nsupemate
10. Impact of Change:

No impact

1I. Additional Requirements and/or Provisions :

Approvals

Washington River Protection Office of River Protection State of Wash., Dept of Ecologv
SCILutions, LLC.

F-1 Provisional Approval' C Provisional Approval2  Provisional ApprovaY
Date Date Date

D in Ai", Final A oval Final Ap poval
Date _ Date 54 5DateL .J l 1 ;

Notes
I - For use by Ecology to identify any additional information needed to make a decision regarding the toqeCat for niodificanions, In
addition, Ecology will identify actions, if any, regarding the modification raquest that DOE may take pendfm Ecology's final decision
2 - Provisional approval allows DOF and its contractors to take specific actions identified in section 10, prior to final approval of this
modification.
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RPP-22393, Rev. 4

3.0 PLANNED WASTE RETRIEVAL TECHNOLOGY

This section provides a description of the planned waste retrieval technology for retrieving the
waste from tanks C-102, C-104, C-107, C-108, and C-1 12.

3.1 SYSTEM DESCRIPTION

This section provides a description of the WRS and how it will be operated. Continued design
development and incorporation of lessons learned may lead to changes in the design and/or
operating strategy.

3.1.1 Physical System Description

The WRS will consist of a modified sludge sluicing system to mobilize and retrieve waste from
tanks C-102. C-104, C-107. C-108. and C-1 12. The sluicing system will consist of two
(or more) sluice nozzles and a slurry pump in each tank. The sluice nozzles or hydraulic sluicers
will be controlled from a control trailer located near the tanks. The sluice nozzles will be
installed in existing tank risers located around the perimeter of the tank. The sluice nozzles will
have the capability to direct liquid at various locations in the tanks. lhe flow rate through the
sluice nozles will be adjusted based on the pump-out rate so that the rate of liquid introduction
will approximately equal the rate of solution removal with the objective of minimizing the liquid
waste volume in the retrieval tank. The waste retrieved from tanks C-102, C-104, C-107, C-108,
and C-112 will be transferred to a D)ST. To minimize the overall volume of waste requiring
storage in the DST system, the waste retrieval project plans to use )ST supernate as the primary
sluice liquid (see Section 3.1.2 for operating description). [he WRS will also have the capability
to use raw water for sluicing with minor moditications.

The waste retrieval plan as of mid March 2005 for using DSTs for waste receipt and as source
tanks for supernate recycle is shown in Figure 3-1. The DSTs were selected based on their
location, available space. and existing or planned equipment upgrades. Additional detail on the
planned use of supernate during waste retrieval is discussed in Section 3.2.

Figure 3-1. Waste Retrieval Liquid Supply and
Double-Shell Tank Receiver Tank Designation.

241-AY-101 241-AN-101 241-AN-106 241-AN-106 241-AN-101

241-C-102 241-C-104 241-C-107 24.-1-e 241-c-112

3-1
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The remaining pages attached to Modification Notice 2009-4 are omitted here for the sake of
brevity. The remaining pages attached to Modification Notice 2009-4 when submitted to
Ecology for approval are the same as Appendices B and E in RPP-22393 Rev 4A, except the
appendices attached to 2009-4 were in redline/strikeout. The original pages of Modification
Notice 2009-04 and the attachments are on file with the TPA and Permitting group of the tank
farm contractor, and with Ecology.
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

1. Document Title and Number: RPP-2213t) Rev. 4A, 241-C-102, 2 1 -C-104, 241-C-107. 241 -C-108
and 241 -C-I 12 Tanks Waste Retrieval Work Plan

2. Minor Field Change:
(Section 2.4 HFFACtO Action

C Yes: It WR'S SinratUre Orly --
AnAch sigceI foir 0 Pmary
Documeit fl iecord s

x No: Prece o Box 3

6.
Do proposed changes
require schedule changes?
(Would this extend
completion of retrieval
beyond 12 months from
date 0! initiation?)

It Yes x No

3. Iocument Issue Date: 5. Notice Number: 2009-5

7/15/09

4. Document Modification
Notice late: 715/09

7 8 (neck only one box)
Do proposed changes include SignifCeant Moditicatino
specific additions, deletions, or ( Check itI le arswer to question in ether
modification to scope and/or scI[ion 6 or? a v c Srnitcant
requirements which affect the modifibuns reuire revisioi of the prinmry
overall intent of the plan? Min t

Minor Modific-ation

I Yes x No

9. Description and Justification oi Change:

x Recquircs modiecation; ofthe document

x Can be accomplihcd with Modification
Notice.

Description: Deetc foIllowing words in section 3.13:

Liquid will not be added to an ST or the sole pu pose of obtaining a level mneasurement.
However, heel submergence remains the best and easiest measurement readdr: avalable for
estimating the liel volume, and level data will be obtained on an opportunistic basis when
performinugflushes or during retrieval activifies in the latter stages or at the end of the waste
retr ieval pr rcess,

Add the billowing words in section 3.2:

When adding liquid to i/he SST ior the sole purpose of obtaining a waste level measurement, the
Jollowing conditions appy:

1. The lRIR leak detection system jor the tank described in Section 4.2.1 must be continuouslv
operable fbr at least 48 hours prior to the liquid addition.

2. ihe benchmark level described in Section 4.6.1 will not be exceeded during tihe liquid

3. Excess liqud iill be removedirom the tank as soon as iwactical Once ai usable waste level
measurement is obuained

Use

Justification: This change is made to provide sionificantly iinreae operationa __il_ and enab
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4. The liquid to be used fbr volume displacement measremeni should aniy be supernate.
of raw water for volume displacetent instead of or in acddilion to supernaie shall be
discussed with Ecology prior to use.
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Office of River Protection, State of Washington Departnent of Ecology
Tank Waste Retrieval Work Plan/'unctions and Requirements Modification Notice

(Per Ilanford Federal Facility Agreement and Consent Order Section 9.3)

obtaining of tank waste voluirie estimates based upon actual measurement rather than an assulned
starting volume estimate. The ehange implements the exact same wording as has been verbally agreed
to by Ecology fIOr the C-1 I 1 TWRWP (RPP-37739) whieh is currently undergoing Ecology review.

10. Impact ol Chalige:

No mpact.

11. Additional Requinrements and/or Provisions

Approv;ls

Washington River Protection Office of River Protection State or Wash Iept ofl coloi
Solutions, lC.

1Provisional Approval 1 Provisional Approva 2  Provisional Approval

Pate Pale Date t
nal A nal A va F'inal Approval/[

D"tc t Daae Date gg/

I - ['or use by ieohogi to identify any additional information needed to make a decision regarding the request foi niodi icitions, In
addition, Eculogy will identily actions, if aiy regarding tie niodificaion request that DOE may take pending Folo ral Jddison
2 - irovisional approval allows Do1 and it's contractors to take specifle actions identified in section 1 1, prior io linal app-oval o ihis
modifiication.
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Office of River Protection, State of Washington Department of Ecolog'
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

Document Title and Number: RPP-22393, Rev. 4B. 241 -C-102, 241-C-104, 241-C-107. 241-C-108
and 241-C-112 Tank Waste Retrieval Work Plan
2. Minor Field Change: 3. Document Issue Date: 5. Notice Number: 2009-6
(Section 12.4 HFFACO Action
Plan) 9/25/09

*E- Yes: (WRI'S Hartford Signmturr
Onily - Attach signed form o Primary 4. Document Modification
Docunnm for ritcord pLurpoashs .IOT1nfd to

Dc)UmLn-,forrcO~dPLT0 -S) Notice Date: 11 /04/ 09

X No: Proceed io uex 3
6. 7. 8. (heck only one box)

Do proposed changes Do proposed changes include Significant Modification
require schedule changes? specifc additions, deletions. or (Check if the answer Lo vuestion in thc-
(Would this extend modification to scope and/or section 6 or 7 is"yes significant

completion of retrieval requirements which affect the mnodifications require revision of tLc primary
docurncnt.

hevond 12 months from overall intent of the plan? M Modification
date of initiation/p

date of xn ) NX ReqaureS modification of re document
YeseXXNo Can be accoinplished with Modilcarion

--I Yes x \oNotice.

9. Description and Justification of Chance:
Description: Add following to Section 3.2

Prior to the heel waster flush, a caustic solution mav also be added to the tank heel. The caustic
would be used to improve retrieval ofiwase from the rankY y breaking down cerain drted
aluminum hydroxide solids to enable their removal

Justification: A concentrated caustic soak may be used for tank heels to break down much of the larger
residual waste solid chunks to improve tank waste retrieval.

10. Impact of Change: TWRWP changes are approved anid to improve current retrieval technology
performance, the application of caustic add it ions is approved

The Proposed Consent Decree and Tr-Party Agreement Modifications for the Hanford Tank Waste

Treatment. Part 1, and Appendix C (public comment period October 1. 2009. to December 11, 2009)
establish that two or three technologies may be required for the purpose of completing tank retrievals for
the Consent Decree. The technolocies, and the criteria that would be used to idemify the technologies.
have not been defined or agreed to by either the State or the USDOE. This change notice is not
associated with the process or approval of the Proposed Consent Decree retrieval technologies, and does
not constitute an agreement on the use of caustic as a second technology.

It is expected that the sodium hydroxide addition will not affect WTP waste feed operations.

11. Additional Requirements and/or Provisions':
If the decision to add caustic is made, Ecology is to be informed of:

1. the approximate amount of caustic to be added,
2. the approximate soaking time to support maximum waste removal.

3. the frequency of caustic additions,
Ecology must be informed if the caustic added amounts andlor soak times arc exccedcd.

I of 2 4/72010
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Office of River Protection, Stale of Washington Department of £cology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

Walsington River- Protection
Sol/ions. Inc.

Approvals

Office of River Protection State of Wash., Dept of Ecology

Provisional ApprovaZ E7 Provisional Approval Provisional Approva
Dute Datc Date

!Final Approv-a Final Approvall t X Final Approval

N i L hc jcDate to d nD ate D ate

1 - or us. by Elgyt dnify aily additionid information needed to mak~e a decision rcgardin4 the rcqucst tot nocdiuiai.in
suditt Eculowy will identify actions, if any, rcgardins Usc modification request that OE may take pendlir Ecoiogy fetal decision
2 - Provisional approval allows DOE and it's contractors to take specific actions identified in section 10, prior to final approval ofilis
modificatioi.

S 2 u 2
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

1. Document Title and Number: RPP-22393, Rev. 4B, 241-C-102, 241-C-104, 241-C-107, 241 -C-108

and 241-C-1 12 Tanks Waste Retrieval Work Plan

2. Minor Field Change:
(Section 12.4 1FFACO Action
Plan)

0 Yes: (WRPS Signature Only-
Attach signed form to Primary
Document for record purposes)

x No: Proceed to Rox 3

6.
Do proposed changes
require schedule changes?
(Would this extend
completion of retrieval
beyond 12 months from
date of initiation?)

3. Document Issue Date: 5. Notice Number: 2010-2

9/25/09

4. Document Modification
Notice Date: 4/28/10

7.
Do proposed changes include
specific additions, deletions, or
modification to scope and/or
requirements which affect the
overall intent of the plan?

D Yes x No

S. (Check only one box)

E Significant Modification
(Check if the answer to question in either
section 6 or 7 is "yes". Significant
modifications require revision of the primary
document.)
Minor Modification
X Requires modification of the document

C h ih 14t i II A; .

:nYes x No IALL OOUIJfIIC JllLtILYLULxan be accompi s e w t 1 0 cat an
Notice.

9. Description and Justification of Change:

Description: Modify the response to Ecology question 6 in the attachment to mod notice 2009-2
(located on pg. G-48 of Appendix G) as follows:

6. Describe the dispasition qf the system and eqwpment at the completion oftwaste transfer.

Response: The transfjr tine and-pmnps-will be removed and disposed of as mired wastes at

the end of the transfer. The pumps will remain in the vault sumps.

Justification: The pumps will be left in the CR Vault sumps in case needed to pump out waste if there

is future intrusion.

10. Impact of Change:

No impact.

11 Additional Req rements and/or Provisions c vatk&S.

Approvals

Washington River Protection Office of River Protection State of Wash., Dept. of Ecology

Solutions, LLC.

n Provisional Approval' C Provisional Approval' j Provisional Ap wvaj2

Date Date D te /

, Final Approval '( Final A prval , inal Appro
Date Date / 6r/j Date

Notes
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

P. Document Title ad Numiber: R PP-22393. Rev. 4B, 24 1 -C-102. 241 -C-104. 241-C-t7, 24 1 -C-08
and 241 -C- 12 Tanks Waste Retrieval Work Plan

2. Minor Field Chance: 3. Document Issue Date: 5. Notice Number: 2010-3
(Section 12.4 FItFFACO Action
P'lan) 9/25/09
-1 Yes: (waRPs Signturc 0ey

Minch signed form to Prin."r 4. Document Modification
Notice Date: 4/28/10

X No: Proceed to Box 3

6. 7.
Do proposed changes Do proposed chan
require schedule changes? specific additions,
(Would this extend modification to se
completion of retrieval requirements whic
beyond 12 months from overall intent of th
date o'initiation?)

Yes x No
E Yes x No

9. Description and Justification of Change:

ges include
deletions, or
ope and/or
h, nfThrt the

e plan?

8. (Check only one box)

El Significant Modification
(Check if the answer to question in either
section 6 or 7 is "yes'. Significant
modifications require revision of the primary
document.)
Minor Modification

X Requires mod

x Can be accom
Notice.

iication of the document

ptished with Modification

Change Description: A change is needed to add a description of the tool that will go into C-104 to try
and move the debris keeping the pump from going to the bottom of the tank. This opportunity is being
taken to clean up a number of out-of-date or inaccurate words in the TWRWP. The changes covered by
this modification notice are shown in redline/strikeout on the attached redline/strikeout pgs. 2-5, 2-6. 2-
8,3-1, 3-2, 3-3 3-5, 3-7, 3-13, 3-21, 3-22, 5-1, 5-9. and 5-10.

Justifications:

* Pgs 2-5 and 2-6 change 'conductivity probe leak detector' to 'leak detector probe' since may use a
thermal probe as an alternate to conductivity probe, The words 'using the caisson in the next to last
paragraph are added for clarification.

0 Pg 2-8 Table 2-2, Column 4, change 02-A pit to 04-A pit (2 rows) and 02-B pit to 04-B pit, this fixes
typos.

& Pg 3-1, the deletion is made since sluicers may be used in risers not around the perimeter, this
sentence should not have been in the document. The addition below it is made because with some
tanks only a valving change is needed to provide water, no minor mod is required.

* Pgs 3-2, 3-21, 3-22, 5-1. 5-9 and 5-10 delete the past tank farm contractor name and add the general
term tank operations contractoC

* Pg 3-2t the top deletion is made because the wording is too detailed, unnecessary, and out of date.
The addition at the bottom adds the description of the tool that will be added to C-104.

* Pg 3-5 grammatical changes made to reflect there is more than one valve box in C-farm.

* Pg 3-7 deletions and additions made because tanks toing to AN-l06 are listed or pg 3-I and the
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Office of River Protection., State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Reqnirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

AN -I 1 pump wording updated to be more general to reflect new puImp to e used,

pg -13 two paragraphs related to heel concentrations ollowing flushing are deleted as the wording
is out of date and misleading, and was removed from the more recent C-I 10 and C-1 I I TWRWPs
when they were written and approved.

10 impact of Change:

No impact.

II Additional Requirements and/or Provisions':

Approvals

washington River Protection

[Solutions, LLC.
K. Provisional Approva 2

Pi Final A) ro--
Date eb j

Office of River Protection

2 Provisional Approval2

Date

Final Approva/ ttL-&

Date q/3 /o e

State of Wash. Dept. of Ecology

n Provisional Approva
DAte

Da Ap
Date4 $ 14

Notes
1 - For sc by Ecology to identiy any additional information needed to make a decision regarding the rcquwst for mdslifications. In
addition, Ecology will identify actions, if any, regarding the modificaion request that DOE may take pending Ecology's final decision
2 - Provisional approval allows DOE and it's contactors to take specific actions identified in section I, prior to final approval of this
niodilieation.
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Figure 2-3. Tanks C-102 and C-104 Cross-Section View.*
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C-1021-104 Cross-Sect on View
530,000-gal. Capacity

* Adapted from RiP- 13774 2004, Sigle-Shel Tnk Svake'e Cl>Are Plan, Rev. 2. C12M HI[LL Hanford Grotip Inc. RichIiid,
Washingon.

Tanks C-102 and C-104 both have three reinforced concrete process pits that were installed after
initial tank construction to facilitate waste retrieval. These pits are constructed of reinforced
concrete and extend abovegrade. The pits provide secondary containment for the primary
transfer piping within, and have removable cover blocks or plates that allow entry into the pits.
The pit floors were constructed with drains that direct any liquid back into the tank through a
tank riser located in the pit. For the purpose of retrieval of these two tanks, if the pit drains are
plugged, any liquid (intrusion, tank waste, or other) will be pumped back to the associated SST.
Pit pumping into the associated SST will occur so that the pit liquids may be removed before
retrieval completion. The condenser hatchway (not shown in Figure 2-3) located above the
outside edge of the tank provided an indirect access path into the tank for ventilation.

In addition, tank C- 104 has a caisson made from a corrugated pipe embedded in a concrete base.
The concrete base was sloped to a drain that connected to the tank riser so any leakage within the
caisson would drain back into the tank. The caisson extends abovegrade and is closed off on the
top with a coverplate. This caisson and the associated 12-in, riser were added to the tank to
support saltwell pumping.

Each pit or caisson used for waste retrieval will have a enndtetivy-prebe-leak detector probe.

2-5
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Figure 2-3. Tanks C-102 and C-104 Cross-Section View.*
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C-1021-104 Cross-Sect on View
530,000-gal. Capacity

* Adapted from RiP- 13774 2004, Sigle-Shel Tnk Svake'e Cl>Are Plan, Rev. 2. C12M HI[LL Hanford Grotip Inc. RichIiid,
Washingon.

Tanks C-102 and C-104 both have three reinforced concrete process pits that were installed after
initial tank construction to facilitate waste retrieval. These pits are constructed of reinforced
concrete and extend abovegrade. The pits provide secondary containment for the primary
transfer piping within, and have removable cover blocks or plates that allow entry into the pits.
The pit floors were constructed with drains that direct any liquid back into the tank through a
tank riser located in the pit. For the purpose of retrieval of these two tanks, if the pit drains are
plugged, any liquid (intrusion, tank waste, or other) will be pumped back to the associated SST.
Pit pumping into the associated SST will occur so that the pit liquids may be removed before
retrieval completion. The condenser hatchway (not shown in Figure 2-3) located above the
outside edge of the tank provided an indirect access path into the tank for ventilation.

In addition, tank C- 104 has a caisson made from a corrugated pipe embedded in a concrete base.
The concrete base was sloped to a drain that connected to the tank riser so any leakage within the
caisson would drain back into the tank. The caisson extends abovegrade and is closed off on the
top with a coverplate. This caisson and the associated 12-in, riser were added to the tank to
support saltwell pumping.

Each pit or caisson used for waste retrieval will have a enndtetivy-prebe-leak detector probe.
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2.2.2 Tanks C-107, C-108, and C-112 Configuration

The configuration of tanks C- 107, C-108, and C- 112 is depicted in the cross-section view in
Figure 2-4.

Figure 2-4. Tanks C-107, C-108, and C-112 Cross-Section View.*

15N RE -E DOME

I3 2'

S- LINE P DESIGN LCU D L VEL

C-10Ca8.j Cross-Section View
530.000-gal. Capacity

Note: The cascade line cotigaration in these three tanks yaris, lank C- 107 has only an u T line. lank C-108 has both an
injlet and an outlet and tank C- 112 has only an inlet.
* Adapted froIn R PP-10435, 2002, Single-Shell Tank System I/tegrite Assssment Report, Rev, 0, CIJ2M tILL llanford Group,
Inc- Richland, Washingion.

Tanks C-107, C-108, and C-I 12 do not have any concrete pits, but do have a caisson that was
installed over the center riser after initial tank construction to facilitate waste retrievaL
The caissons are constructed of a section of corrugated pipe embedded in a concrete base.
The concrete base was sloped to a drain that connected to the tank riser so any leakage within the
caisson would drain back into the tank. The caisson extends abovegrade and is closed off on the
top with a coverplate.

Drawing 11-2-38597. Salt Well Pump Pit Assembly/obr SNt 12" Riser, shows the original
installation of the corrugated caisson. 'The caisson was installed in a groove in the concrete
bottom or the pit and sealed with grout. A drain, flush with the bottom of the pit, previously
routed drainage to the 12-in, riser. Drawing 11-14-106599, 241-C Sluice Retrieval Aechanical
Equipment installation, shows the equipment installation to be used during SST retrieval using
the caisson. A eunduetivily probe leak deector probe will be used in the pit. A Sump pump is
used to pump leakage into the tank.

Each pit or caisson used for waste retrieval wil I have a eondtictivity probe leak detector probe.

2-6
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Table 2-2. Tanks C-102 and C-104 Riser arid Fill/Cascade Line Descriptions.

Riser
Number

R I
R2

R3

R4

R5

R6

R7

a8 

R9

R13 12

R 14

R15

4
4 F -

t2

4 -i
4

4

12

4 4 ---
12

4

36

4

12

A 3

B 3

3
C2 3

C3 3

C4 5 3

Unused temperature probe

Level gauge (EN RAF)

Observation port/breather filter i
weather covered pit (02-C pit)

Recireulating dip leg in weather
covered pit (02-C pit)

Recirculating dip leg in weather
covered pit (02-A pit)

Sluicing access riser in weather
covered pit

Temperature probe in riser through pit
wall- lange weather covered pit
(02-A pit)

blind flange (obstruction)

sludge pump access riser in weather
covered pit (02-A pit)

Saltwell screen in weather covered pit
(02-B pit)

NA

NA

Cascade overflow line to tank C-103

Cascade inlet line from tank C-l]01

Spare inlet, capped
Spare inlet, capped

Spare inlet, capped

Spare inlet, capped

Use Desr ipt in

Tank C-104

Liquid level well, belowgrade

Breather filter and benchmark

n Observation port in weather covered pit
(04-C pit)

Recirculating dip leg in weather covered
pit (04-C pit)

Recirculating dip leg in weather covered
pit (04-A pit)

Sluicing accss riser in weather covered
pit

Temperature probe in riser through pit
wall (024-A pit)

Level gauge (FNRAF)

Sludge pump access riser in weather
covered pit (021-A pit)

Heel Jet in 024-B pit

Blind flange

Empty

Cascade overflow line to tank C-l05

NA

Fi It line V 150
Fill line V 149, scaled in diversion box
241-C-153

Fill line V 148, scaled in diversion box
241-C-153

Spare, capped

Note: Refrcnce docuincts fron TWINS, Web Site - http:i/twinswehpnlgetwins~htm and H-14-010613. 2003, Waste
Storage Taink (tWStt Riser Data, Sheet 2. Rev. 6. CI12M IHU I ianford (;rotlp, In,,, Richland, Washington (with ECNs).
lCN engincering change EOt ice.

NA not applicable.
TW INS - latk Waste Innidnmation Network System.
' 'nraf is the supplier of the identified level gauges: FNRk AV is a traideorrk of tnraf. ire inraf . V., Dell.
The Netherlands.

Cascade andlor fill line, not a riser.
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3.0 PLANNED WASTE RETRIEVAL TECHNOLOGY

Ihis section provides a description of the planned waste retrieval technology for retrieving the
waste from tanks C-102., C- 104, C-107, C-108, and C-112.

3.1 SYSTEM DESCRIPTION

This section provides a description of the WRS and how it will be operated. Continued design
development and incorporation of lessons learned may lead to changes in the design andlor
operating strategy.

3.1.1 Physical System Description

'he WRS will consist of a modified sludge sluicing system to mobilize and retrieve waste from
tanks (-102, (-104, C-107, (-108, and (-112. The sluicing system will consist of two
(or more) sluice nozzles and a slurry pump in each tank. The sluice nozzles or hydraulic sluicers
will be controlled from a control trailer located near the tanks. The sluice nozzles will be
installed in existing tank risers located around the perimeteef4hetank. The sluice nozzles will
have the capability to direct liquid at various locations in the tanks. The flow rate through the
sluice nozzles will be adjusted based on the pump-out rate so that the rate of liquid introduction
will approximately equal the rate of solution removal with the objective of minimizing the liquid
waste volume in the retrieval tank. The waste retrieved from tanks C-102, C-104, C-107, C-108,
and C-112 will be transferred to a DST. to minimize the overall volume of waste requiring
storage in the DST system, the waste retrieval project plans to use DST supernate as the primary
sluice liquid (see Section 3.1.2 for operating description). The WRS will also have the capability
to use raw water for sluicing with valving change or minor modifications.

The waste retrieval plan as of mid March 2005 for using DSTs for waste receipt and as source
tanks for supernate recycle is shown in Figure 3-1. The DSTs were selected based on their
location, available space, and existing or planned equipment upgrades. Additional detail on the
planned use of supernate during waste retrieval is discussed in Section 3 2.

Figure 3-1. Waste Retrieval Liquid Supply and
Double-Shell Tank Receiver Tank Designation.

241-AY-101 241-AN-101 241-AN-10 241-AN-106 241-AN-101

3-1
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Various monitoring instruments will be used to collect data to support operation of the WRS and
perforn environmental monitoring. Cameras will be installed in each of the SSTs to provide the
capability to visually monitor and aid in control of waste retrieval operations. Instrumentation
will also be provided to monitor process control data (e.g., pressures and flow rates).
This information will be used to support material balance calculations. The existing ENRAF
level gauges will be retracted during waste retrieval operations and will be used periodically to
monitor waste levels.

Before initiating waste retrieval, a formal waste compatibility assessment will be performed in
accordance with IN F-SD-WM-OC D-01 5, Tank Farm Waste Transfer Compatibility Program.
Formal issuance of the compatibility assessment will not be completed until just before waste
retrieval operations begin to ensure that current conditions are captured in the assessment.

During waste retrieval operations, the tank(s) being retrieved will be actively ventilated, The
ventilation system will consist of skid-mounted high-efficiency particulate air filtered portable
exhauster(s). The ventilation system(s) are designed to pass air through the tank, thereby
reducing condensation and fog within the tank. The vent systems required by Washington State
Department of Health (WDOH) include a heater, pretilter, demister, two high-efficiency
particulate air filters and test sections, exhaust fan, and stack. Project plans include the design
and installation of ventilation system(s) to support waste retrieval operations for the C farm tanks
as shown in Figure 3-2. Condensate drainage from the exhauster(s) will be routed back to an
SST being retrieved. Any change to this drainage routing will covered by a Change Notice Form
to this TWRWP. Details of the ventilation systems are provided in AIR 05-407, Categorical
Tank Farm Facility Wasle Retrieval and Closure: Phase It Waste Retrieval Operations, and
D05L N WP-002, Notice of Consaruction (NOC) Application far Operations of W'as/e Retrieval
Systems in the Single-Shell Tank (SST) Farms.

ORP and the TOC-CJQMHIIL ,antfeGreup-ne- 14F2-M-llL), pursuant to federal
requirements for protection of their workers, will develop and implement
a personal exposure sampling and monitoring plan for SST waste retrievals. This plan will be
developed and implemented by the operations Industrial Hygiene ([H) departments per the
CR2M--[4TO-4YlfC Environmental I Iealth Program with consideration of input from Ecology.
Subsequent to issuance of the Ill sampling and monitoring plan. changes to that portion of
the plan pertaining to sampling exhauster emissions at the stack will be provided to Ecology for
Ecology's information in as timely a manner as possible.

New equipment will be installed in the tanks to support waste retrieval. Existing equipment will
be removed if and as required to make room for the new equipment. The new slurry pump will
be installed in the center riser located in the center pit. Each pump may be mounted on a winch
system that will allow the pump to be lowered as waste retrieval progresses. The pump suction
will be installed just under the waste surfice to start, so little or no water should be required for
installation due to the sledge nature (i.e., not hard salteake) of the waste and the small
submergence of the pump suction. The system will be designed to allow the pump suction to be

ENR A is a iradenark of Eiira Inc., Eniaf IiV. Delft, I he Netherlant
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lowered as low as possible in each tank to facilitate maximum waste removal. This will allow
approximately 10 ft of height adjustment.

[he pump installation will be performed by lowering the pump into the tank with a crane.
The pump will be installed with the suctionjust i -ohe-waste surface a- ew-inehes. NO-wte
addition should benecessary fo the pump installation bec-ause thin will he locted
just-under4he-wasteur-e if the-pumpsutionisoo-shallw-whe fetfevnbts-started7 he
sluice na!zl discharges can be aimed at the pmp i+e-t to enable-to-the pump to be inse e4-a
lilide-deeper.

A booster pump, if used, will be located within the central riser pit. The WRS for tanks C-107,
C-10, and C-1 12 may require modifications to the saltwell pits to accommodate installation of a
slurry punp in the center of the tanks.

The pump adjustment features described previously should allow the pump to be installed with
little or no water additions. However, if tank conditions require water additions to successfully
install the pumps (e.g., debris under the pump installation riser), water additions would be
controlled in accordance with OSD-T-l 51-00013, Operating Specifications for Single-Shell
Wosle Sto rage Tanks, Section 4.1). This water would be added through one or both of the
sluicers by lancing or by backflushing through the pump. Lancing re ers to lowering a water
lance into the waste and adding water to fluidize hard material under the addition point.
The initial installation height of the pump will be determined using the in-tank video system.

[he sluice nozzles in tanks C-102 and C-104 will be installed within the existing pump and
sluice pits. The configuration of tanks C-107, C-108, and C-112 is different in that there are no
concrete pits and only a single central corrugated metal saltwell pump pit. The WRSs for
tanks C-107, C-108, and C- 112 will require design and construction of riser extensions to
support the installation of the two sluice nozzles and slurry pump. The in-tank imaging system
will be installed in an available riser in the tank. Table 3-1 provides the planned riser usage for
the tanks C-102, C-104, C-107, C-108, and C-112 WRSs. This riser usage may change.

An in-tank vehicle may be used to aid in removal of waste from a tank. This in-tank vehicle will
have high pressure water spray nozzles and a movable blade. The high pressure water can be
supplied at a nominal 3000 psig and a nominal 10 gpm. The blade will have a polymer
'squeegee' on the bottom when installed in the tank. The hydraulically powered vehicle will
move about on polymer tracks. The in-tank vehicle will be designed to access the tank via a 12
in. diameter riser. The in-tank vehicle support system will include an above ground water supply
skid and hydraulic power pack.

For C-104 a hydraulically operated tool will be inserted in riser 15 near the central pump Pit.
This tool will extend to the bottom of the tank and be used to attempt to move debris under the
pump so the pump can be lowered. The tool is planned to also have water addition capability to
aid retrieval if necessary.
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Table 3-1. Planned Riser Usage for Tanks C-102, C-104, C-107,
C-108, and C-112 Waste Retrieval System.

Riser Number

2

3

6

7

8

13

14
Condenser
hatchway

Tank C-1025  Tank C-1042

ENRAF level Exhauster
gauge connection

Sluicer

Sluicer

Sldcer

Sluicer

Vacuum relief, VacuMni relief
camera port

ENRAF level

__________ gauge
Slurry pump Slurry pump

-- Camera port
Exhauster -

connection

Tank C-107'

Sitlicer

Exhnuster
connection

Vacuum relief,
carnera port
Sluicer

ENRAF level
gauge
Slurry pump

Tank C-108'
Sluicer

Vacuum
relief"camera
port

Exhauster

connection

Sluicer

IiNRAF level
gaiuge

Tank C- 112
Sluicer

lIxhauster
connection

ENRAF level
gauge

Vactum relief.
canera port

Stlicer

Sluny pump

'ENRAF is s tralenuek of Enraf. Inc- EnrAtB.V., Deli The Netherlands.
[Riser usage may change iblwming detailed design and/or dluring operations. Should an in-tank vehicle be added to the tank to

aid in waste heel removal 1he riser tsed will be selected during detailed design for the heel removal. For C-108 waste heel
removal the riser used te the in-tenk vehicle will be Riser 3 or 6.

A sketch of the WRS installation planned for tanks C-I 02 and (-104 is provided in Figure 3-3.
A sketch of the WRS installation planned for tanks C- 107, C-108, and C- 112 is provided in
Figure 3-4. A potential equipment layout in the tank farm is provided in Figure 3-2.

The portable valve boxes serves to control the routing and flow of liquid to the sluice nozzles
and to control water additions to the waste retrieval process. The valve boxes provides
secondary containment and the collectionidetection of any leakage in a sump. The portable
valve boxes haves-n leak detectors that isare connected to the pump shutdown system in the
control trailer. In the event that a leak is detected in the portable valve boxes, the transfer pumps
in the SST being retrieved and in the receiver DST would be shut down. the portable valve
boxes each hasve a sump and a sump pump that can be configured to transfer any leakage to the
SST being retrieved.

Two portable diversion boxes will be added to the C-Farm retrieval system, both will be used for
the tanks in this work plan. The transfer lines to and from up to three tanks will be routed
through a valving arrangement in each box to permit switching retrieval operations between the
tanks. The diversion boxes provide secondary containment and the collection/detection of any
leakage in a sump. The diversion boxes each have a leak detector that is connected to the pump
shutdown system in the control trailer. In the event that a leak is detected in a diversion box, the
transfer pumps in the SST being retrieved and in the receiver DST would be shut down. The
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Figure 3-4. Tank C-107, C-108, and C-I12 Waste Retrieval System In-Tank Components.

0

3.1.2 Double-Shell Receiver Tanks

The supernate pump and sturry distributor installed in DST AN- 106 in support of tank C-103
waste retrieval (RPP-21895) may continue to be used to pump supernate back to the C farm and
distribute the sludge as received from-tanks G 107, C 108, nd C1112 the SST. The pump
inhalled in DST AN-101iunder Prjeet-W-2-l---may-bewill also be used to pump supernate in
support of C farm retrieval. A new slurry distributor will be installed in DST AN-101 to
distribute the sludge received from C farm tanks. A new supernate pump and a new slurry
distributor are planned for DST AY- 101 to support waste retrieval from C farm tanks.

Because the elevation of the AN farm is approximately 22 ft higher than the C farm and the
elevation of the AY tank farm is approximately 32 ft higher than the C farm, the slurry
distributor and the supernate pump incorporate anti-siphon devices to prevent unintentional flow
from the DST to the SST. All waste transfers, including transfer of waste from the C farm tanks
to the DSTs and the transfer of supernate from DSTs back to C farm tanks, will be performed
using transfer lines that provide secondary containment. The waste retrieval project currently
plans to use overground hose-in-hose transfer lines (IIII ITIs) and the Resource Consera/ion
and Recovery Act of 1976 (RC RA)-compliant DST transfer system.

3-7
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Assuming-a2700-gatiqui -teel-in-a-tank-wkrnvselids-present-bebre-rining-sotid-are

expeeted-,risrng-witW-A334-gak-efreshwate-pumping-dawn4e-2-70-gaL-and-epeting
f-ieere-theeneenttin-fsoluble-eenstituents-i-hein-2-& 0-tjatinthe4ank-wth-be
aprioximateW-5--h9 f4eheriginak-eel-eeneen atiens-4f4he-pump-heet-is-belew-2+7O0-gah
er4heraeedspesei4ehe-he-l-he-lt-wed-be-eF44--fr-ffig-he*Thaa
flushew ill-remove-resT' ual-seids-tethe extent-pretieni-on tleWalls-tfd-iltesluble
radienuelides and chemficals in the liquid in the tank.

'he final flush volume will be dependent upon the final heel composition and volume. As a
minimum, there will be three flushes with a minimum flush volume of three times the volume of
the estimated waste heel volume.

The-4imit--efteehnology' related--n- waste-emval-f'em-atenk-isredomiuantlyeeerted-widh
solids reftoval; liquids ean ontinue to be remved from he tank as long us the putmp suionis
submer-ged and not plugged by any olids or foreign material in the tank. Thlimi' -f
teehn.logy' occurs when the psi-at is reached that the quantity of w-ate removed perF Unit Vele

meaning l scale. A final tink fush would not be expected to re eman soluble solids,
swill proportionately dilute and remove any liquid heel. The t' I invalved with liquid

he.em al -is dilution arid pumping A. explained, a 2,700 gal. supernate liel silicoted to

tm'taee- .000-ta-A -S. ses-wlim-be-redil ee--es edeetaie fhneum49~fth

i-iftud-s rfinesneentr-ato-ehis-i-sa9-9i ee e .i-She h e-Jk glr 4ai,--nn7ere

and#Aes--kw ate-ntokbein- he-x-e44 ae 2 x 10-T i age-bef e rethievaitkhus-any heelushing is expected to reduce thei lhnt-&m-9oen ltrtion-pe~ed the
35e-0esh-a elha-ateh i udthitm-vemee - 6he- e-f-rerioe heneble 3tiweis

The iieming for transfers out of tanks C-102, C-104, C-107, C- 108, and C-112 is dependent upon
personnel resource availability, equipment availability, and ST onditionsi Once waste
retrieval is started, it should follow the general pattern described, but no liquid additions or
removals to-rom these tanks can be predicted for more than a day or two in advance; therefore,
no detailed timeine can be developed showinf --- liuid additions and removals. The water or
supernate addition/removal may be intermittent or continuous. -ased upon experience with
tanks S-a12 and C-203 waste retrevaldc it w hill hely last 8 to 16 hours, then be followed by at
least a ew days wait. then continue. Work continuity will be dependent upon resource
availability and external fluences. Ideally the retrievails could be completed within a few
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3.9 DISPOSITION OF WASTE RETRIEVAL SYSTEM FOLLOWING WASTE
RETRIEVAL

3.9.1 Disposition of New Waste Retrieval System Components

lollowing completion of waste retrieval, the in-tank equipment will be left in place for
disposition during component closure actions. The abovegrade equipment (e.g.. transfer lines,
portable valve and diversion boxes) will be reused to the extent possible for future waste
retrieval activities in the C tank farm. lmsfer lines and the portable valve and diversion boxes
will be flushed to reach acceptable exposure rates for disconnecting and relocating the
equipment. Any abovegrade equipment that needs to be removed and is not suitable for reuse
will be packaged and disposed of onsite in accordance with the approved waste acceptance
criteria lor the Hanford Site burial grounds and TFC-OPS-WM-C-10, Contaminated Equipnent
A'fanagement Practices. The HllITLs will be managed in accordance with RPP-12711,
Temporaty Waste Trans/ r Line Managemenf Program Plan.

3.9.2 Disposition of Existing Ancillary Equipment

Ancillary equipment associated with tanks C-102, C-104, C-107 C-108, and C-112 is limited to
waste transfer lines and equipment installed in pits and abovegrade risers. The current status of
the ancillary equipment associated with tanks C-102, C-104, C-107, C-108, and C-112 is
described in Section 2.6. Any contaminated equipment located within risers that needs to be
removed following waste retrieval will be packaged and disposed of onsite in accordance with
the approved waste acceptance criteria for the Hanford Site burial grounds and
TFC-01PS-W M-C- I O

In accordance with the SST system closure plan (RPP- 13774). disposition of the ex-tank
ancillary equipment, including pipelines, will be performed in accordance with a separate
component closure activity plan. Closure plans will be incorporated into the SST permit.

3.10 AIR MONITORING PLAN

ORP and-G-142M-14lthe TOC, pursuant to federal requirements for protection of their workers,
will develop and implement III monitoring plans for exhauster stack emissions for the retrieval
of tanks C-102, C-104, C-107, C-108, and C-112. The plans will be developed and implemented
pursuant to the requirements of TFC-PIN-43, Tank Farm Contractor Health And Safey QPlan.
The constituents of potential concern (COPCs) for which exhauster stack sampling and analysis
will be conducted will be identified in the Ill monitoring plans for each tank retrieval.
The COPCs identified in the III monitoring plans will be all or a subset, as determined to be
appropriate by G42M144114- the TOC Ill, of those constituents listed in RPP- 20949, Data
Quality Okjcives For The Evaluation 0Y Tank Chemical Emissions For Industrial h~ygiene
Technical Basis, Table 4- 1, developed with input from Ecology. Once the initial subset of
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COPCs is identified and listed in the I monitoring plans, no COPC shall be dropped from that
list without 90 days prior notification to and approval from Ecology. If ORP noti fies Ecology of
its desire to cease exhauster stack sampling for a COPC initially identified and listed in an IH
monitoring plan and no response is received from Ecology vwithin 90 days, the COPC will be
deleted from the I H monitoring plan and sample and analysis activities for that COPC will cease.
New COPCs may be added to an [H monitoring plan without notification to or approval from
Ecology and without modifying or revising this tank waste retrieval work plan.

The sampling and analysis methods shall he EPA, National Institute for Occupational Safety and
Health-approved, or Occupational Safety and Health Administration (OSH A)-approved methods
or an equivalent G-=12M-N-1-4-TOC-approved method, as identified in RPP-20949. The exhauster
stack samples will be analyzed at the 222-S Laboratory, the Waste Sampling and
Characterization Facility, or an equivalent laboratory consistent with the quality
assurance/quality control procedures for that laboratory. Further, laboratory analysis data will be
kept on tile at the laboratory consistent with the laboratory record keeping procedures for that
laboratory for a period of not less than 5 years and will be available to Ecology, within 24 hours,
upon request.

Ecology and ORP understand and agree that the activities discussed above do not restrict ORP
and C44MH-2 -4M, the TOC from taking any and/or all steps necessary as ORP and C142M
M-4,the TOC deem appropriate to protect its workforce in response to data and infbrmttion
generated by an ITI monitoring plan or incidents as they might arise during waste retrieval.
Ecology and ORP also understand and agree that the preceding sampling and analysis discussion
is presented to ensure ORP is achieving the agreed to sampling and analysis for the protection of
the public and its workers and does not modify the exemption from the requirements of 40 CFR
264, "Standards for Owners and Operators of Ilazardous Waste Treatment, Storage and Disposal
Facilities," and 40 CFR 265, "Interim Status Standards for Owners and Operators of Hazardous
Waste Treatment. Storage and Disposal Facilities," Subpart CC, granted to ORP under
40 CFR 265.1080(b)(6). Therefore, this discussion does not imply any change to the respective
authority of either Ecology or ORP regarding the sampling, analysis, monitoring, and control of
airborne emissions from I Ian ford Site tanks.
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5.0 REGULATORY REQUIREMENTS IN
SUPPORT OF RETRIEVAL OPERATIONS

Retrieval of waste from the SS's will be performed under the requirements of HFFACO,
Atomic Energy Act f0/1954, RCRA, Chapter 70.105 RCW and its implementing regulations, and
WAC-l 73-303. The SSTs do not provide secondary containment and are not compliant with
RCRA and Chapter 70.105 RCW interim facility standards of Subpart J of 40 CFR 265.
The SSTs are currently authorized to continue operations under Chapter 70.105 RCW pending
closure in accordance with WAC 173-303-610, "Closure and Post-Closure," under the authority
of the HFFACO Milestone M-45-00, "Complete Closure of all Single Shell Tanks Farms."
Except as otherwise modified by IlFFACO Milestone M-45-00, DOE conducts day-to-day
operations of the SSTs in accordance with the interim facility standards established in
WAC-173-303-400(3), "Interim Status Facility Standards." WAC 173-303-400(3) incorporates
by reference the interim status performance standards set forth by the EPA in 40 CFR 265.
Additionally, the SSTs are governed by federal regulations promulgated under the authority of
the Atomic Energy Act of 1954 and various DOE directives incorporated into the contract
between ORP and GH2M-4IL-the TOC (DE-AC27-99RL-14047). These requirements are
implemented tkrough operating plans and procedures by the Tank Farm Contractor.

Interim status facility standards in WAC 173-303-400(3)(a) incorporate, by reference, the
interim status standards set forth by EPA in 40 CFR 265 Subpart J for tank systems. Elements of
the interim status standards relevant to the WRS along with the WRS features and/or operating
plans and procedures are summarized in Table 5-1.

If necessary, DOE will seek approval to retrieve waste that could contain polychlorinated
biphenyls from tanks C-102, C-104, C-1 07, C- 108, and C- 112 using supernate from the receiver
DST and transfer the resulting slurry to the respective receiver DST from EPA before initiating
waste retrieval operations. DST supernate is classified as polychlorinated biphenyl remediation
waste in accordance with Ecology et atl (2000), Framework Agreement for Management of
P'olvchlortnated Jltphenyp/s (PCBs) in Han/brd Taink Waste. Because the [DST supernate is
polychlorinated biphenyl remediation waste, the retrieval of waste from SSTs, when using DST1
supenate, requires a Risk-Based Disposal Approval, approved by EPA, pursuant to the idxic
Substances Control Act of 1976.
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Table 5-1. 40 CFR 265 (WAC 173-303-400) Interim Status
Standards Applicable to Waste Retrieval. (9 Sheets)

Regulation

265.196 [WAC 173-303-
400 (3)(c)(vii)], Response
to leaks or spills and
disposition of leaking or
unfit-for-use tank systems

Requirement Compliance Method
appropriate, at least bimonthly

(c) The owner or operator must document in the operating record of the
facility an inspection of those items (abovq)

A tank system or secondary containment systetn from wh ich there has been a leak Response to leak or spills is defined in
or spill, or which is unfit for use, must be removed front service immediately, and Section 4.1)
the owner or operator must satisfy the following requirements;
(a) Cessation of use; prevent flow or addition of wastes
(b) Removal of waste from tank system or secondary containment system
(c) Containment of visible releases to the environment
(d) Notifications, reports

WAC 173-303-283 (3), 1 he owner/operator must design, construct, operate. or maintain a dangerous
Performance standards waste facility that to the maximum extent practical given the limits of technology

prevents:
(a) Degradation of ground water quality;
(b) Degradation of air quality by open burning or other activities;
(c) Degradation of surface water quality;
(d) Destruction or impairment of flora and fauna outside the active portion of

the facility;
(e) Excessive noise

(I) Conditions that constitute a negative aesthetic impact for the public using
rights of ways, or public lands, or for landowners of adjacent properties;

(g) Unstable hillsides or soils as a result of trenches, impoundments,
excavations, etc.;

(h) The use of processes that do not treat, detoxify, recycle, reclaim, and
recover waste material to the extent econormieally feasible; and

(i) Endangerment of the health of employees, or the public near the facility.

The following plans and procedures and their
implementation provide the preventative
measures required:

(a) Groundwater monitoring plan
(PNNI.- 13024).

(b) No open burning is allowed.
(c) Berms and gutters are in place to prevent

surface runoff and surface run-on.

(d) No destruction or impairment of flora
and fatina occur outside of the tank
farms.

(e) Noise is monitored per C4M -M L
TOC procedures.

(f) The tank farms are within the dangerous
waste facility (i.e., Hanford site),.

(g) Appropriate permits are obtained before
excavation work is started.
No excavation work is associated with
tank waste retrieval.

(h) [he waste retrieval process is designed,
E onmstructed and wilt be operated to treat

-o
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Table 5-1. 40 CFR 265 (WAC 173-303-400) Interim Status
Standards Applicable to Waste Retrieval. (9 Sheets)

Regulation Requirement

WAC 173-303-40U. Incorporates by reference 40 CFR 265 with the exception of 265.1 (c)(4),
Intrni Stains Facility 265.149-150 atrd 265430. Replaces federal terms in 40 CFR 265 (i.e., regional
Standards administrator hazardous) with state terms (i.e., department, dangerous)

Note: Documents references information is provided in Section 9.0 of this document.
[ I I I I - I T - 1 I'_l I T ' . - ....1 .. . -.

DST
tIFFAC()
HIHTL
IQRPE
ITEM
NOC
SSf
TOCI
tISD

Compliance Method
and recover waste to the limits of
technology in accordance with HIACO
milestone M-45-00 (see Section 3.4),

(i) The public is protected by the NOC per
WAC 173-303-400 & 460. Workers are
protected per TFC-PLN-43.

= double-shell tank.
= Hanford federal f-acir nAgreement and Conset Order
- hose-in-hose transfer line.
= independent, qualified, registered profession engineer.

Integrated Training Electronic Matrix.
= notice of construction.

single-shlil tsttk.
= tank openrsir's , nsrseter
= treatment, Storage, and/or dispusal

-Il

z
"0
"0

AZ.
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

1. Document Title and Number: RPP-22393, Rev. 4B, 241-C-102, 241-C-104, 241-C-107 241-C-108
and 241-C-1 12 Tanks Waste Retrieval Work Plan

2. Minor Field Change: 3. Document Issue Date: S. Notice Number: 2010-4
(Section 12.4 HFFFACO Action
Plan) 9/25/09
Fl VYes (WRPS Si narp fl -

Afauisgned Co o in arN
Document for record purposes)

x No: Proceed to Box 3

6.
Do proposed changes
require schedule changes?
(Would this extend
completion of retrieval
beyond 12 months from
date of initiation?)

D Yes x No

4. Document Modification
Notice Date: 4/28/10

7.
Do proposed changes include
specific additions, deletions, or
modification to scope and/or
requirements which affect the
overall intent of the plan?

rYes x No

9. Description and Justification of Change:

8. (Check only one box)

n Significant Modification
(Check if the answer to question in either
section 6 or 7 is "yes". Significant
modifications require revision of the primary
document.)
Minor Modification
X Requires modification of the document

x Can be accomplished with Modification
Notice.

Change Description: A change is needed to add a description of the Mobile Arm Retrieval System
(MARS) equipment that will be used for retrieval in C-1 07 instead of modified sluicing, and related

changes. Modified sluicing wording is kept in the TW RWP in case it becomes necessary to use
modified sluticing instead of the MARS. The changes covered by this modification notice are shown in
redline/strikeout on the attached redline/strikeout pgs. 1-1, 2-1, 2-3, 2-20, 2-29, 3-1 through 3-5, 3-7, 3-9
through 3-11, 3-13, 3-18, 3-19, 3-22, 3-24, 6-1, C-2 through C-6, and C-9.

Note 1: Section 3.1.1 currently refers to the NOCs previously approved for use during retrieval. If
revised NOCs are approved for use during C-107 (or other tank) retrievals, a separate modification
notice will be provided to indicate any changed reference number.

Note 2: Wording changes are provided in Appendix C to make it consistent with the wording changes in
Appendix B approved by Ecology in 2009. the estimated retrieval leak concentrations provided in
'table C-I are not changed as the stated concentrations are estimated at this time to still be bounding. If
the concentrations in Table C-I will not be bounding prior to C-107 retrieval a separate modification
notice will be provided to update Appendix C accordingly.

Justification: The changes are needed as the MARS is a different method of retrieval from that
currently deseribed in the document for C-107.
10. Impact of Change:

No impact.
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

11. Additional Requirements and/or Provisions': 7 5 K

Approvals

Washington River Protection Office of Rive Protection State of Wash., Dept. of Ecology
Solutions, 1.1C.

Provisional Approva1 Provisional Approva1 Provisional Approval
Date bateDate

ia Ap-o at Approval F nal Approval
Date [/Date 9 Z7l ? Date //

Notes
I - For use by Ecology to identify any additional information needed to make a decision regarding the request for modirications, In
addition, Ecology will identify actions, if any, regarding the modification request that DOE may take pending Ecology's final decision
2 - Provisional approval allows DOE and its contractors to take specific actions identified in section 11, prior to final approval of this
modification.
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The pages attached to Change Notice 2010-4 are omitted here for the sake of brevity. The pages
attached to Change Notice 2010-4 when submitted to Ecology for approval have been
incorporated into the main body of RPP-22393, with the following 9 additional changes:

* Per Comment 6, a new Section 3.1.1.1 has been added at the request of Ecology to
describe the new riser installation in C-107

* Per Comment 8, revised dates in Section 2.1
* Per Comment 12, added words to Section 3.1.1 at the request of Ecology to describe

MARS pressure sensor
* Per Comment 14, added words to Section 3.1.1 at the request of Ecology to mention

MARS performance specification
* Per Comment 27, added words to Section 3.1.1.1 at the request of Ecology to describe

riser backfill requirements reference
* Per Comment 30, added words on IQRPE evaluations to Sections 3.1.1.1 and 3.8 at

the request of Ecology.
* Per Comment 61, added words on process hazards analysis to Section 3.1.1.1 at the

request of Ecology
* Per Comment 62, added more words on cutting of hole for riser to Section 3.1.1.1 at

the request of Ecology
* Several minor editorial revisions to Table 3-1 and Sections 3.1.1, 3.1.1.1, 3.3, and

updating of references.

The original pages of Modification Notice 2010-4 sent to Ecology are on file with the
environmental group of the tank farm contractor, and with Ecology.

The table on pages G-81 through G-122 documents the Ecology comments on Change Notice
2010-4 and the responses to these comments. This table is included in Appendix G at the request
of Ecology. In order to maintain consistent pagination for Appendix G while not altering
anything in the table transmitted by Ecology on November 5, 2010 the 'Page 1 of 42, Page 2 of
42, etc. page numbers in the transmitted table are kept, and made equal to Appendix G pgs. G-81
through G-122, as noted on the table footer.
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RPP-22393, Rev 7 Enclosure 1
Ecology Comments and United States Department of Energy-Office of River Protection Response

on RPP-22393 Change Notice 2010-4

Comment EcologyT
C Comment Ecology Comment ORP Response Status
_ _ _ ___ __ t __ ___ ___ __# _

In relationship to permit d
WTP and holds Ecology h
installation due to unresol
issues, Ecology agreed to
hold on the vessels in part
the new WTP Design Wea
used in 24590-WTP-MOC
E for all design questions
questions. It is not accept
or within permit space to u
equations on the issues of
to WTP vessels.

ecisions on the
ad on vessel
ved erosion
release the
based on using
r Rt ,c-rve

The Ecology approved WTP Design Wear Rate curve and the Ecology approved
design wear allowance equation in 24590-WTP-MOC-50-00004 Rev E are used
in 24590-WTP-RPT-PET-10-019 Rev 0 to estimate the impact of adding garnet
to the waste from cutting 22 nominal 55 inch diameter holes into SSTs to the
predicted WTP wear allowance for vessels.

24590-WTP-RPT-PET-10-019 Rev 0 provides two separate erosion
-50-00004 Rev calculations. The impact to the WTP Design Wear allowance of adding garnet
asses an Ecol to the waste from cutting 22 holes is addressed in Appendix H. The main body
able to Ecology of 24590-WTP-RPT-PET- 10-019 Rev 0 discusses the impact of garnet on the

wear allowance predicted average wear rate, not the design wear allowance. If Ecology
wants only the design wear allowance impact then the main body of 24590-
WTP-RPT-PET- 10-019 Rev 0 should be ignored and only Appendix H
reviewed.

These will be discussed separately below.

Design Wear Impact

The Design Wear Rate for the WTP is based upon the extremely conservative
assumption that all the tank waste is silica sand.

The WTP Design Wear Rates curve is shown in 24590-WTP-MOC-50-00004
Rev E, Figure 10.8-A on sheet 68. The WTP Design Wear Rate curve is the
solid upper line. The equation upon which this solid upper line is based is
Equation 7.2.4.6 on sheet 30. Equation 7.2.4.6 on sheet 30 is:

E = (31 mpy) x (V/8 m/s)* 46 x (C/25 wt%)0 o5

This formula is based upon Equation 7.2.4.1. Equation 7.2.4.1 is given on sheet
28 as:

E = A x (V)" x (d)P x (C)q

where:
E = erosion rate
A = constant

Closed
10/27/10, with
the stipulation
that the
response is
applicable for
no more than
three 55 inch
nominal
diameter holes
being cut into
SSTs. The
comment at
left is based
upon the
assumption of
22 holes being
cut.

Page 1 of 42 [pg numbers at left are as in table transmitted by Ecology, add G-+80 to number, i.e., pg 1 of 42 = pg G-81, pg 2 = pg G-82,...pg 42 = pg G-122]
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RPP-22393, Rev 7 Enclosure 1
Ecology Comments and United States Department of Energy-Office of River Protection Response

on RPP-22393 Change Notice 2010-4

Comment Ecology
# Comment Ecology Comment ORP Response Status

V = velocity of particle against surface being eroded
d = weighted mean particle diameter
C = concentration of slurry in wt fraction
n = velocity exponent
p = particle diameter exponent
q= solids content exponent

Appendix H of 24590-WTP-RPT-PET-10-019 Rev 0 estimates the impact to
the WTP design wear allowance from cutting 22 holes as less than or equal to a
3.7% increase, i.e., the garnet from 22 holes will increase the total wear by less
than or equal to a factor of 1.037. This value is conservative and is calculated
using factors from Equation 7.2.4.1 to revise the Equation 7.2.4.6 results as
follows:

Let X = the erosion rate in mils per year from Equation 7.2.4.6.
Let Xg = the erosion rate in mils per year from Equation 7.2.4.6 with garnet in
the waste
Mass of garnet added to waste from cutting 22 holes = 27, 941 kg
Mass of waste = 26,700,000 kg

The increase in erosion rate between the design rate curve with garnet in the
waste and the design rate curve without garnet is:

Xg/X = (Ag/A) X (Vg/V)" X (dg/d)P X (Cg/C)q

The velocity V and concentration C of the transferred solutions will be the same
in the WTP regardless of the garnet content of the waste so this equation
reduces to:

Xg/X = (Ag/A) x (dg/d)p

The 7.2.4.6 design rate curve formula is based upon an average particle
diameter d of 24 tm, with the 24 tm being a round up from 23.9 tm.

To calculate the average particle diameter of the waste with garnet added,
assuming a garnet particle diameter of 400 tm:

Page 2 of 42 [pg numbers at left are as in table transmitted by Ecology, add G-+80 to number, i.e., pg 1 of 42 = pg G-81, pg 2 = pg G-82,...pg 42 = pg G-122]
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wt. fraction garnet in waste = 27,941 kg + (27,941 + 26,700,000) kg = 0.00 105

dg = 23.9 x (1 - 0.00105) + 400 x (0.00105) = 24.3 tm

Assuming a garnet particle diameter of 700 tm:

dg = 23.9 x (1 - 0.00105) + 700 x (0.00105)= 24.6 tm

From Section 7.2.4.2 on sheet 28 in 24590-WTP-MOC-50-00004 Rev E a value
of 1.355 is used for the exponent p when the weighted particle size is less than
100 tm. Therefore, the increase in the design wear rate due solely to the change
in weighted particle size when garnet from 22 hole cuts is added to the waste is:

(dg/d)p =(24.3/24)"55 = 1.017 for a 400 tm garnet particle diameter

(dg/d)p =(24.6/24)"55 = 1.034 for a 700 tm garnet particle diameter

A value of 24 tm is used here for the average waste particle diameter instead of
23.9 tm because Equation 7.2.4.6 is based upon a 24 tm average waste particle
diameter.

The assumption of a 400 to 700 tm particle size is very conservative. Figure 3
in RPP-RPT-47353 compares pre- and post-cut garnet particle size.
Approximately 90% of the pre-cut particle size is between 400 and 700 tm,
while greater than 90% of the post-cut particle size is less than 200 tm. The
smaller the particle size the smaller the erosion impact of the particle, so
assuming the garnet doesn't reduce in size during the cutting is very
conservative.

The wear on equipment is dependent upon the sharpness of the particles, with
garnet particles sharper than the rounded silica sand upon which Equation
7.2.4.6 is based. In 24590-WTP-MOC-50-00004 Rev E a factor of 0.55 (see
Section 6.7.10 on sheet 23) is applied to account for the roundness of silica
sand. This value is part of the constant A in Equation 7.2.4.1. Therefore, the
impact to the design wear rate from garnet in the waste is:

Ag/A to account for particle sharpness = ((27,941 + 0.55) + 26,700,000) +

(27,941 + 26,700,000) = 1.0009
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The wear on equipment is also dependent upon the hardness of the particles,
with garnet particles harder than the rounded silica sand upon which Equation
7.2.4.6 is based. In 24590-WTP-MOC-50-00004 Rev E a factor of 0.60 (see
Section 6.7.9 on sheet 23) is applied to account for a change in hardness of
alumina vs. that of silica sand. This value is also part of the constant A in
Equation 7.2.4.1. Therefore, conservatively equating the hardness of garnet
with that of alumina, the impact to the design wear rate from garnet in the waste
is:

Ag/A to account for particle hardness = ((27,941 + 0.60) + 26,700,000) +

(27,941 + 26,700,000) = 1.0007

Thus the change in the design wear rate curve in Figure 10.8-A using Equation
7.2.4.6, assuming garnet from 22 hole cuts is added to the waste is:

X9/X = (Ag/A) x (dg/d) = 1.0009 x 1.0007 x 1.017 = 1.0186 for a 400 tm
garnet particle size, and

Xg/X = (Ag/A) x (dg/d) = 1.0009 x 1.0007 x 1.034 = 1.0357 for a 700 tm
garnet particle size

These factors conservatively show the change in the design wear rate in mils per
year with the garnet from 22 hole cuts added to the waste. The total wear is
equal to the wear rate times the duration of operation of the WTP. With garnet
added to the waste the duration increase is:

WTP duration increase due to garnet = (27,941 + 26,700,000) + 26,700,000 =

1.001

Therefore, the impact on WTP wear due to garnet in the waste from 22 hole cuts
is the increase in wear rate times the increase in duration:

Xg/X = 1.0186 x 1.001 = 1.0196 = 1.02 for a 400 tm garnet particle size, and

Xg/X = 1.0357 x 1.001 = 1.0367 = 1.037 for a 700 tm garnet particle size

Thus the increase is (1.02 - 1.0) x 100 = 2% for a 400 tm garnet particle size
and (1.037 - 1.0) x 100 = 3.7% for a 700 tm garnet particle size. These values
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are very conservative.

The impact to the calculated WTP wear allowance of cutting one hole in C-107
is less than 1/22 times a 3.7% increase. This is because the calculated particle
diameter is proportional to the mass of garnet added, but the ratio of (dg/d)/ is
proportional to the 1.355 power. Simplifying the impact to 3.7% 22 = 0.17%,
for a 700 tm particle size for a hole cut in one tank is thus conservative.

Table 1 in RPP-RPT-47353 shows the post-cut particle size distribution for
garnet ranges from 0.5 tm (0.5 wt%) to 425 tm (0.3 wt%) with the 50 wt% size
about 75 tm. Assuming a 100 tm post-cut garnet size instead of 400 tm to 700
tm the impact on the WTP wear due to 22 hole cuts is negligible.

Average Wear Rate Impact

The average WTP wear rate curve is expected to conservatively indicate what
actual erosion may be.

Figure 10.8-A in 24590-WTP-MOC-50-00004 Rev E shows 4 lines, the WTP
Design Wear Rate, DIE Predicted Maximum Wear Rate, FanAiming Wear Rate,
and DIE Predicted Average Wear Rate. 24590-WTP-RPT-PET-10-019 Rev 0
summarizes and explains the calculations in 24590-WTP-M4C-V37T-00007
which estimate the impact to the predicted average WTP wear rate, the bottom
line in Figure 10.8-A.

Per sheet 36 in 24590-WTP-MOC-50-00004 Rev E, the DIE Predicted Average
Wear Rate is calculated using Equation 7.2.5.1 with a waste slurry concentration
of 24.58 wt% and a 33 tm average particle size. Equation 7.2.5.1 is used to
represent the compilation of test data. Repeating Equation 7.2.5.1 here:

EDE1 = (18.42 mpy) x (V/13 m/s)' 90 x (d pam/24 pam)23 4 x (C wt%/25 wt%) 36

Equation 7.2.5.1 is based upon the same Equation 7.2.4.1 as Design Wear Rate
Equation 7.2.4.6, with different variables used to differentiate between the
predicted wear rate and the design wear rate.

Calc note 24590-WTP-M4C-V37T-00007 estimates the change in the Predicted
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Average Wear Rate by two different methods.

Method 1 In Section 7.1 in 24590-WTP-M4C-V37T-00007 provides the
calculations or information to show:

* There are 704,706 kg of Si in the Hanford waste tanks
* The fraction of this Si that is in the form of Si0 2 is 0.115
* The inventory of Si that is in the form of Si0 2 is 81,041 kg
* This calculates a waste inventory of Si0 2 of 173,300 kg
* The estimated quantity of garnet added to the waste from cutting 22

large diameter holes into SSTs is 27,941 kg
* The garnet used to cut the hole is 7.14 times as abrasive as silica sand
* Garnet added to the waste would cause additional WTP erosion

estimated to be equal to that from 7.14 x 27,941 kg = 199,499 kg silica
sand

* The conservative assumption is made (conservatism is explained below)
that all erosion in the waste is caused by Si0 2 , nothing else

* The erosion caused by the existing sand plus the added garnet is
therefore = (173,300 + 199,499) + 173,300 = 2.15 times the erosion
caused by existing sand alone

* Therefore, cutting 22 holes will conservatively result in erosion that is
2.15 times more than the currently estimated average wear, or a (2.15 -
1.0) x 100 = 115% increase.

The assumption that all the erosion from the waste is caused by sand is
conservative because this assumption will maximize the calculated erosion from
garnet. This is best shown by example.

* Assume the erosion caused by all the waste, without garnet, will result
in a wear depth of 100 'units'. The value of a 'unit' does not need to be
quantified for this example.

* Then, if the quantity of erosion caused by sand in the waste is X units,
the erosion caused by everything else, including all other silicon
compounds or other non silica constituents is equal to 100 - X units.
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* The added erosion caused by the addition of garnet is equivalent 1.15X
units

* The total erosion caused by the waste with garnet is equal to that caused
by silica sand, garnet, and all remaining non-silica sand constituents,
i.e.,

erosion with garnet = X + 1.15X + (100 - X) = 100 + 1.15X

* The erosion impact of garnet is thus maximized when the value of X is
maximum. X is the erosion caused by silica sand and is thus at a
maximum when X = 100 units, i.e., when all other constituents are
assumed to not contribute to the erosion

A different way of looking at this would be to assume silica sand only
contributes 10% to the WTP erosion. If this were the case the total erosion with
garnet would be = 10 + 11.5 + (100 - 10) = 115 units. If silica sand contributed
50% to the WTP erosion the total erosion with garnet would be = 50 + 57.5 +
(100 - 50) = 157.5 units. Therefore it can be seen that the predicted erosion
with garnet is maximized by assuming all the erosion in the WTP caused by
waste is due solely to silica sand.

This method of estimation is not applicable to the Design Wear Rate for the
WTP because the design wear rate is based upon all the waste being silica sand,
not 173,300 kg. If the same methodology used in Method 1 was applied to the
design wear rate the multiplication factor wouldn't be 2.15 it would be 1.0075
based upon:

(26,700,000 kg sand + 199,499 kg sand equivalent) - 26,700,000 kg sand =
1.0075

increase = (1.0075 - 1.0) x 100 = 0.75%

Method 2 estimates how much garnet equivalent may have been in an earlier
simulant tested that contained Pyrofrac and which resulted in excessive wear
during the testing. Method 2 calculated that the WTP predicted wear rate
should be multiplied by a factor of 3.05, or a (3.05 - 1.0) x 100 = 205%
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increase.

To minimize uncertainty in theoretical
extrapolations, Ecology recommends that
96-hour wear lab tests be done with tank
waste simulant and garnet added. The
particle size distribution of the garnet
should be representative of what would
end up inside the SSTs after attrition
during dome cutting. A new Design
Wear Rates curve, shown on Figure 10.8-
A of #24590-WTP-MOC-50-00004 Rev
E, must be developed.

Therefore, 24590-WTP-RPT-PET- 10-019 Rev 0 and 24590-WTP-M4C-V37T-
00007 conservatively calculate the predicted wear rate with garnet will be a
factor of 2.15 to 3.05 times the predicted wear rate without garnet, if the garnet
from cutting holes in 22 tanks is added to the WTP feed. As can be seen from
Figure 10.8-A, even if the bottom line is increased by a factor of 3.05 it would
still be below the solid Design Wear Rate curve.
Summary
24590-WTP-RPT-PET-10-019 Rev 0 conservatively predicts the WTP Design
Wear should be multiplied by a factor of 1.037 (a 3.7% increase) should the
garnet from 22 tank cuts be added to the waste. This is based upon the Ecology
agreed to design wear rate curve and the Ecology agreed to design wear rate
equation in 24590-WTP-MOC-50-00004 Rev E. The impact of a single cut in
C-107 is estimated for this comment response at less than 0.17%. The 1.037
factor is conservative as it is based upon a 700 tm particle diameter for garnet
rather than a more likely 75 ptm average post-cut particle diameter.

24590-WTP-RPT-PET-10-019 Rev 0 also shows that even when conservatively
estimating the impact of garnet on the WTP predicted wear rate, the predicted
wear rate will not exceed the Design Wear Rate curve.
This testing will take an estimated 12 months to complete when following the
requisite planning and QA steps required for the previous formal wear testing.
This includes preparation and issuance of a contract to perform the work,
reaching agreement with all parties on a simulant composition, assembling
equipment to prepare for the test, preparation of and obtaining agreement on a
test procedure(s), performing the test, writing up the results, and obtaining
concurrence on the test report. This testing would delay C-107 retrieval
accordingly and could correspondingly impact the 2014 legal date for
completion of C Farm retrieval. This testing is not warranted in light of the very
small impact to the WTP, conservatively estimated at <0.17% increase in the
vessel wear, from garnet added with the hole cut in C-107.

Ecology has verbally stated that they are concerned the garnet addition to SST

Closed
10/19/10,
Ecology
agreed
comment can
be closed if
ORP agrees
with 2nd

paragraph.
ORP agreed
per e-mail
10/19/10
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wastes from cutting 22 holes may require physical changes to WTP equipment,
and that schedules for fabrication/installation of this equipment may be
impacted if garnet erosion testing data are not provided in a timely manner. No
physical changes will be made to the WTP to accommodate predicted wear from
garnet. Erosion testing with garnet, should it be done, will either support the
current conclusion that garnet from cutting 22 holes will not have a significant
impact on the WTP, or it will show that wear could be significant enough to
require an alternate method be developed to cut large diameter holes in a tank.

3 C A demonstration has been verbally The demonstration cut on the simulated concrete dome was completed on Closed
mentioned to Ecology as planned. Please October 2, 2010. Ecology field staff are updated on testing plans as they 10/19/10
provide a discussion, in the TWRWP, of develop. Test plans are not appropriate for inclusion in the TWRWP per
any testing planned to address Ecology's Appendix I, Section 2.1.3 or letter 04-TPD-083.
concerns and comments.

4 TI Various documents have mentioned The TWRWP change notice requests approval for one tank. The TOC contract Closed
different numbers of tanks that may be includes plans for three tanks. 10/21/10
cut using garnet. Evaluate impacts Various documents refer to 1, 3, 14, or 22 tanks to be cut with garnet. The
mentioned in comments below for the 2010-4 TWRWP change notice, which is the subject of this Ecology review, is
total number of tanks, using maximum for installation of the MARS in only one tank, C-107, which means only one
values such as abrasion, velocity, etc., hole is to be cut within the scope of the change notice. The 24590-WTP-RPT-
(i.e., worst case) to provide impacts to PET-10-0 19, Rev 0 calculation note that evaluates garnet impact on the WTP
potentially affected systems. This can be conservatively assumed 22 holes would be cut to bound the garnet impacts to
used to support all future retrievals using the WTP. This number should be adequate to bound retrieval operations for the
this system. future.

If the C-107 cut, and the subsequent deployment of the MARS in C-107 is
successful it is planned that 2 more large diameter hole cuts would be made in
C-Farm. At the end of C-Farm retrieval there would thus potentially be up to 3
tanks with large holes cut for the MARS equipment. This is where the use of
garnet for 3 tanks comes from.

Future -55 inch (or similar) holes for other SSTs would not be needed for a
decade or more. During this time the hole cutting method could be revised or
alternate methods developed if needed, so there is a potential that garnet may
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not be used for more than 3 tanks. RPP-PLAN-40145 (the SST Retrieval Plan),
Rev 1, lists a total of 14 tanks (includes the 3 for C-Farm) which may need a
large central riser added for the MARS. This number may be reduced when/if
these 14 tanks have their leak status re-evaluated. Or, the number of tanks
needing a new large central riser could increase if it is decided to use the MARS
vacuum system on a tank scheduled for MRS, assuming the MRS tank leak
status is not changed following any leak status review.

Calc note 24590-WTP-RPT-PET-10-0 19, Rev 0, conservatively assumed 22
holes would be cut. Whether 1 or 3, 14, or 22 holes should be assumed is
dependent upon what level of impact is desired to be evaluated. Assuming 22
holes to be cut shows the WTP fixed equipment design life is not reduced. For
the purpose of review for this change notice however, the focus should just be
on one hole to be cut with garnet.

Note: Numbers in bold added by
WRPS to segregate the individual
Ecology comments.
Provide (5-1) the necessary information
on the change in hazardous material
composition so that Ecology can
ascertain that the hazardous waste
handling systems will continue to
function correctly in containing wastes.

i. Document that this added cutting
medium (water and garnet) to C-107
will not impact (5-2) the DST
system, (5-3) 242-A Evaporator
(5-4) and/or processing/treatment at
WTP.

ii. Discuss technical basis for
determining no impacts to these

(5-1) Adding the garnet and water to C-107 will result in no change to the
hazardous material composition of the waste. Waste Technical Services has
evaluated Barton Mines Garnet Abrasive Grains and Powders (MSDS #055485)
according to the procedure in WAC 173-303-070, Designation of Dangerous
Waste, and determined that garnet will not be regulated as a Dangerous or
Extremely Hazardous Waste (for garnet not mixed with tank waste). The garnet
content of the C-107 waste after the hole is cut in the tank dome, assuming
2,800 lbs is added, is estimated to be 0.03 vol % (0.0003 vol fraction).

(5-2) Adding a nominal 4,200 gal of water and 2,800 lbs of garnet to the
estimated 247,000 gal of waste in C-107 will not adversely impact the DST
system as discussed below (5-5).

(5-3) Adding a nominal 4,200 gal of water and a maximum of 2,800 lbs of
garnet to the estimated 247,000 gal of waste in C-107 will not adversely impact
the 242-A evaporator as discussed below (5-6).

(5-4) Addressed elsewhere in other comments in this document. See (5-7).

(5-5) The DST system is assumed here to mean DSTs, DST pumps, installed
RCRA compliant steel transfer lines, diversion boxes, pump pits and jumpers.

All ten 5-x
comments
closed
10/27/10, with
the stipulation
that the
response is
applicable for
no more than
three 55 inch
nominal
diameter holes
being cut into
SSTs. The
comment at
left is based
upon the
assumption of
22 holes being
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(5-5) (5-6) (5-7) systems
including their associated piping,
pumps, filters, valves,

iii. Discuss the potential effects on the
(5-8) SST systems including
(5-9) the MARS and (5-10) its
ancillary equipment.

The water and garnet will drop into C-107. The 2,800 lbs of garnet will add
approximately 80 gal of garnet based upon particle density or a nominal 100-
150 gal based upon bulk density (includes air around the particles) to the tank.
The water will mix with the waste and be pumped out along with the sludge
slurry. The garnet will fall to the top of the waste and get mixed in as the waste
is slurried out, but may not all mix intimately with the sludge during retrieval.
Any garnet not removed with the waste sludge by the replaceable in-tank pump
will remain in the tank in the residual heel. Once the sludge with the garnet is
added to a DST it will be further diluted by the DST sludge in the receiver tank.
Pumping waste with the concentration of garnet given in the response to
Comment #5 (1) throughout the DST system at the nominal 150-200 psi
pressures and nominal 100 gpm flow rates (~-10.2 ft/sec in a 2 inch line) will
have negligible impact to the DST system as this concentration is too low to
have any measurable effect. See Comment #(6 -1) to compare these
concentrations, pressures and velocities with those used for cutting the concrete.

This statement is based upon Operational experience and Engineering judgment.
See response to Comment #2 (Ecology Comment B.) concerning future testing
of simulated waste slurries containing low levels of garnet.

(5-6) The evaporator feed is supernate, not a supernate-sludge slurry. The C-
107 supernate-sludge waste slurry is pumped to the receiver DST where the
sludge will settle to the tank bottom. The sludge in the DST will eventually be
slurried out a number of years in the future to another DST where it will either
settle out again or be suspended for transfer to the WTP. Feed to the evaporator
consists of supernate which is decanted from settled solids in a DST (i.e., the
solids remain behind) to the 102-AW evaporator feed tank. Any sludge/garnet
particles that may be so tiny that they do not settle out of the supernate (i.e.,
they remain suspended) would have a very small mass and thus possess
negligible kinetic energy when transferred through evaporator equipment.
Coupling this with the very low garnet concentration in the sludge prior to
settling, the negligible concentration of sludge in the supernate after settling and
there will be no noticeable impact to 242-A systems by the garnet.

(5-7) See response to Comments #31, 32, and 36 (Ecology Comments WI, W2,

cut.
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and W6) for basis for negligible impact to WTP.

(5-8) The comment asks for a discussion of 'potential effects' on the SST
system. The SST system involved with C-107 retrieval is C-107 itself, its
slurry pump, the exhauster used during retrieval, and the retrieval equipment
associated with C-107 operation. There are no impacts to any of this
equipment. The garnet and water used for cutting will fall into the tank. The
water will mix with the waste and be pumped out along with the sludge slurry.
The garnet will fall on top of the waste and get mixed in as the waste is slurried
out. Any garnet not removed with the waste sludge by the replaceable in-tank
pump will remain in the tank in the residual heel. Slurrying waste sludge with
the low concentrations of garnet given in the response to Comment #5 (1)
within the tank will not have any impact on the SST wall, the vast majority of
the sludge slurry is not even agitated against the steel bottom until near the end
of retrieval. Pumping the waste slurry with the low concentration of garnet to
DST at the nominal 150-200 psi pressures and nominal 100 gpm flow rates
usually used will have negligible impact as this concentration is too low to have
any noticeable effect. This statement is based upon Operational experience and
Engineering judgment. See response to Comment #2 (B.) concerning future
testing of simulated waste slurries containing low levels of garnet.

(5-9) See response to (5-8) above, the pump, rotary union, and transfer hoses are
the only MARS equipment that internally contacts the waste.

(5-10) See response to (5-8) above.

Note: Numbers in bold added by
WRPS to segregate the individual
Ecology comments
(6-1) Provide a detail description of the
dome cutting operation, including the
riser cut (size, material,...?). (6-2) This
should include general arrangement
diagrams, (6-3) system description,
(6-4) P&IDs, (6-5) information
demonstrating compliance with WAC

(6-1) The dome cutting and riser installation will be done as described on
drawing H-14-107697 Sheets 1-3, "Large Riser Installation Sequence". Latest
copies of these drawings were provided to Ecology on 10/7/10.

The actual cutting and riser installation will be performed under the direction of
a work package. The water-garnet slurry used for cutting the hole in C-107 uses
a 48,000 psi water supply and has a velocity out the cutting nozzle orifice of
greater than 150 ft/sec. See response to Comment #17 for garnet-water
composition.

(6-2) There are no general arrangement diagrams for the cutting operation, but

6-1 closed
10/27/10

6-2 closed
10/22/10

6-3 closed
10/22/10

6-4 closed
10/19/10
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173-303-640 as requirement by TPA
Appendix 1, 2.1.3. (6-6) This should
include a technical description cutting
system support and (6-7) analysis of
dome loading due to the dome cutting
activities and (6-8) the potential impacts
from accidents during this operation, in
keeping with the requirements of a pre-
retrieval risk assessment.

drawing H-14-107694, "Site Plan" shows the equipment locations. A copy of
this drawing was provided to Ecology on 10/7/10.

(6-3) See response to (6-1) above. New riser details are shown on drawings H-
14-107695 Sheets 1-5, "Large Riser Details" and H-14-107696, "Pad Details",
H-14-107698, Sheets 1-2, "Riser Plug and Anchor Plate Details". A copy of
this drawing was provided to Ecology on 10/7/10.

(6-4) There are no P&IDs for the dome cutting operation.

(6-5) An IQRPE report will demonstrate compliance with WAC 173.303.640
for the tank dome integrity. The integrity assessment plan to be used as the
basis for the IQRPE report is VET-1642-PLAN-001, Large Riser Installation
Integrity Assessment Plan. A copy of this document was provided to Ecology
on 10/7/10.

(6-6) Cutting system support equipment will be listed in the work package for
installation of the new riser on C-107.

(6-7) An analysis of dome loading due to the dome cutting activities is provided
in RPP-CALC-43416, An Evaluation of Single-Shell Tank 241-C-107 for The
Addition of A Large Penetration in The Tank Dome, Rev 0, and RPP-CALC-
47657, Single-Shell Tanks Large Penetration Addition: Tank 241-C-107 Dome
And Haunch Comparative Analysis, Rev 0. Copies of these documents were
provided to Ecology on 10/7/10.

(6-8) See response to Comment #61 on process hazards review. The pre-
retrieval risk assessment required by Section 2.1.1 of Appendix I is a risk
assessment of the groundwater and intruder impacts of key constituents of
concern, not an accident analysis. The C-107 pre-retrieval risk assessment
information is in RPP-22393, Rev 4B, Section 7 and Appendix C. There are no
changes to Section 7 required, and necessary changes to Appendix C for Change
Notice 2010-4 were provided to Ecology with the change notice.

Change from 10/5/10 e-mail wording - Redline wording added by Ecology to
the ORP meeting minutes from 9/24/10 stated:

6-5 closed
10/19/10
6-6 closed
10/19/10
6-7 closed
10/27/10
6-8 closed
10/19/10

Change at
bottom closed
10/19/10
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C Comment Ecology Comment ORP Response Status

Ecology requested that a summary of the riser installation process and ECN be

provided in the TWR WP.

A description of the process has been added to new Section 3.1.1.1, but
applicable drawings are listed (H-14-107697, Large Riser Installation Sequence,
H- 14-107694, Site Plan, H- 14-107695, Large Riser Details, H- 14-107696, Pad
Details, and H- 14-107698, Riser Plug and Anchor Plate Details) not the ECN.
ECNs are not normally listed in a TWRWP.

7 T4 Describe the disposal path of the dome The plug will be packaged and stored within C-Farm or another radiologically Closed
'plug' and if there will be any testing, controlled area as contaminated equipment per procedure TFC-OPS-WM-C-10, 10/19/10
including the opportunity for others (like Contaminated Equipment Management Practices. When investigation and/or

SST Integrity Panel and K Quigley/ sampling of the plug is complete and there is no further use for it, it will be
closure group) to have samples. disposed of as waste per existing procedures.

8 T5 2.1 The retrieval start dates in Section 2.1 that were provided to Ecology with Closed
We would like the retrieval, or re- Change Notice 2010-4 will be revised to dates below (as of 10/6/10): 10/19/10 with
retrieval, start dates in section 2.1 to C-102: November 2012 added words at
match the dates in draft BCR-237 C-104: No change required, the change notice states retrieval began in January left
proposed changes, C-Farm retrieval. 2010
These bulk retrieval start dates are: C-107: June 2011 (note that the BCR date is the end of May)

a. C-102: Nov. 2012 C-108: restart January 2011
b. C-104: re-start Oct. 2010 C-112: October 2011

c. C-107: June 2011
d. C-108: re-start Feb. 2011
e. C-112: Oct. 2011

9 T6 Establishment of limits of technology, as No response required, the words bulleted on page 3-13 of RPP-22393, Rev. 4B Closed
bulleted on page 3-13 of RPP-22393, attached to the change notice are already approved by Ecology. 10/19/10
Rev. 4B attached to this mod notice, will
be considered by Ecology in agreeing to
the use of and definition of a 2 "d
technology.

10 T7 Note: Numbers in bold added by (10-1) There are other cutting methods but they all have significant drawbacks. Closed
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WRPS to segregate the individual Abrasive garnet cutting was selected as it is believed to be the best and most 10/19/10
Ecology comments effective method. The method was selected considering constructability,
(10-1) Explain why another cutting operability, ALARA, and availability. Details of the selection process are
technique is not viable. documented in the construction methods study, RPP-36609, Construction
(10-2) What would need to happen to Method Study for Installation of a Large Riser in a Single-Shell Tank, Rev 1. A
make another cutting technique viable copy of this document was provided to Ecology on 10/7/10.

(10-2) In order to implement either diamond cable or band saw cutting,
development testing would need to be performed, the testing would have to
successfully show the method was as good as garnet, and effective
contamination and dust control methods would have to be developed, tested and
concurred with by WDOH. If a coring method were to be implemented a
nominal 55 inch coring bit and handling system would need to be developed and
successfully tested. (One of the problems with a 55 inch core size is keeping the
core bit from binding up and wedging in the hole kerf.) If a different abrasive
grit was to be used, one with a lower hardness value than garnet would have to
be successfully tested and shown to be as effective as garnet without any of the
perceived drawbacks.

11 NA NA NA NA

12 T8 Explain the probability of the mobile arm The arm movement is monitored with a video camera during use to minimize Closed
bumping into a tank wall or bottom and contact with the tank wall or bottom, but the probability that the MARS arm 10/27/10 with
the potential damage. Explain what safe will bump into the tank wall, bottom, or internal equipment item has been Ecology
guards are in place to prevent this. assumed to happen in the equipment design. The MARS design includes review of the

features to stop the movement of the arm when a preset force is reached so as to words about
avoid damage to the MARS components or the tank wall/bottom. the MARS

The following wording has been added to Section 3.1.1 of RPP-22393: sensor added

The MARS is equipped with a sensing system that detects back pressure when TW RWP

the arm bumps into a tank wall or bottom, and halts motion of the arm in that

direction before excessive pressure is exerted. This is expected to minimize
damage to the arm (or the tank wall/bottom). Visual monitoring of the MARS
head will also minimize bumping of the MARS head into the tank wall or
bottom. The sensor will be operable prior to insertion of the MARS into the
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tank, but it is not planned to remove the arm to repair the sensor should it fail
after the MARS is installed.

13 T9 Note: Numbers in bold added by (13-1) The caisson serves no purpose at this time other than enclosing a tank All five 13-x
WRPS to segregate the individual access riser. The caisson was installed after the tank was built. comments
Ecology comments (13-2) How the caisson is attached to the tank is described on pg 2-7 of RPP- closed
(13-1) What purpose does the caisson 22393, Rev 4B, the TWRWP for C-107. This wording references H-2-38597, 10/19/10 with
serve for the C-107 tank? Salt Well-Pump Pit Assemblyfor Std. 12" Riser, as showing the installation added words at
(13-2) How is it connected/attached to method for the caisson. A copy of this drawing was provided to Ecology on left
the tank? 10/7/10.
(13-3) How will it be removed? (13-3) See response to Comment #(6 -1) above (Ecology Comment T3).
(13-4) How will WRPS/ORP ensure that
no damage to the tank or any surrounding (13-4) The hole cutting and new riser installation will be done following a
components occur during this effort? thorough planning process that plans for and implements controls to eliminated

(13-5) Will they monitor or inspect the or mitigate expected hazards. Details of these controls are provided in the work
(S3-or surroundingomonent durin t e package. See response to Comment #(6 -8) above.

this effort so that structural integrity of (13-5) See the response to Comments #(6-5) and (13-4).
the tank and surrounding system
components remain intact?

14 T10 The new ancillary equipment (prior to The MARS equipment, including the ancillary equipment, is designed to the Closed. In
installation) must be designed to protect standards, requirements, and conditions delineated in the performance 10/19/10
against damage and excessive stress due specification for the retrieval equipment. The items listed in the comment are meeting with
to settlement, vibration, expansion or all part of design subjects for retrieval equipment. Ecology it was
contraction. Any unusual operating agreed this
stresses should be identified to verify that See the response to Comment #(6-7) for the large riser installation dome loading comment
all flow of waste and internal stresses are calculations, the response to Comment #(6-5) for the IQRPE report on large would be
within the design limits specified by the riser installation, and/or the response to Comment #30 for IQRPE report for closed when
piping and ancillary MARS equipment installation as applicable. words have
equipment/component manufacturer. The following wording has been added to Section 3.1.1 of RPP-22393: been added to
(Tank dome loading calculations or aRP239
summary with reference to another The MARS is designed to meet the requirements in RPP-SPEC-39989, RPP-22393
document should be included here.) Performance Specification for The Mobile Arm Retrieval Systemfor Tank 241- s designed to

document___shouldbe__ included__here.) _ C-107.
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meet the
requirements
of referenced
specification.
This was
added on
10/20/10.

15 Ti1 Note: Numbers in bold added by (15-1) It is assumed this comment refers to the pump and transfer line used for Closed for
WRPS to segregate the individual C-107 retrieval. The pump will have leak detector shutdown as described in both 15-x
Ecology comments RPP-22393 Rev 4B, Section 3.1.1. The system will also have a pressure relief comments
(15-1) Will one or more emergency shut- valve (PRV) as required by the DSA, if the head pressure of the selected pump 10/21/10 when
off and /or check valves be included with will exceed the design pressure of the DST transfer system. added words at
the new ancillary system, slated to be (15-2) Overfilling the receiver DST (AN-106) is prevented by monitoring of the left for 15-2.

(in-)tll? waste level in the tank during retrieval and halting retrieval when a preset limit
(15-2) Will an overfill or over- is reached. The C-107 headspace pressure is also monitored during retrieval,
pressurization alarm or control be with an alarm when the negative pressure maintained by the exhauster gets close
present? to zero. See response to Comment 12 on MARS pressure sensor.

16 T12 Please provide a reference to the IQRPE See the response to Comment #(6-5) for IQRPE report on large riser Closed, per
assessment and findings (WAC 173-303- installation. See the response to Comment #30 for IQRPE report for MARS 10/21/10
640(3)(a)) on the design. equipment installation. meeting

The IQRPE reviewed the large riser installation design. During this review they comment will
noted several key welds that they wanted to observe during fabrication. Hold be closed when
points were established in the fabrication documentation for this observation. Ecology
No other comments have been formally documented. notified of

IQRPE review
of riser
installation
design, and
whether there
were any
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documented
comments or
not. The
second
paragraph at

left was
provided to
Ecology on
10/25/10.

Note: Numbers in bold added by
WRPS to segregate the individual
Ecology comments
(17-1) Estimate the amount of water and
garnet to be used and subsequently
drained into C-107 during the tank dome
cut.
(17-2) Provide a maximum and minimum
and the basis of the estimate.

(17-1) It is planned to cut the hole with a nominal water flow rate of 3.2 to 3.3
gpm and a nominal garnet flow rate of about 1.25 to 1.8 lbs/min. Testing has
indicated it may take 17 to 21 hours to cut the hole. Assuming 21 hours cutting
time, a calculated 4,030 to 4,160 gal of H2 0 and 1,575 to 2,265 lbs of garnet
would be added to C-107. During the demonstration cut performed onsite from
September 30 to October 2, 2010 the water usage was 3,695 gal, the garnet
usage was 2,145 lbs and the cut time was 20 hours.

(17-2) At 17 hours to cut the hole at 3.2 gpm the minimum water usage
calculates to be about 3,260 gal. At 21 hours to cut the hole at 3.3 gpm the
maximum water usage calculates to be about 4,160 gal. A 'probable' maximum
of 4,200 gal of water is a reasonable estimate at this time, but the final water
usage could be more than this depending upon circumstances. At 17 hours to
cut the hole at 1.25 lbs garnet/min the minimum garnet usage calculates to be
about 1,280 lbs. At 21 hours to cut the hole at 1.8 lbs garnet/min the maximum
garnet usage calculates to be about 2,270 lbs. A 'probable' maximum of 2,800
lbs garnet is assumed for conservatism.

Closed for
both 17-x
comments
10/21/10

18 T14 RPP-CALC-47657, Rev. 0 (18-1) The tank as-is configuration is described in the TWRWP RPP-22393, Closed for the
Note: Numbers in bold added by Rev 4B, Sections 2.2.2 and 2.3 for this change notice. The as built condition is three 18-x
WRPS to segregate the individual similar to the as-is except the as-is includes the central saltwell caisson, plus comments
Ecology comments there may be different equipment items in some risers. RPP-CALC-47657, Rev 10/21/10 with
(18-1) What is the as-built configuration 0, Section 3.1 states the geometry for the model used the design drawing and the new words at
of the tank and as-built specification for the tank. Tables 4-1 and 4-2 list more of the tank left added to

structural and load conditions.
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(18-2) has it been considered in the (18-2) The tank fabrication drawings and the current drawings were used in the 18-3.

analysis? analysis. So, the as-built was considered and used, but the analysis is of the

(18-3) Has the tank's operating history current tank condition. Section 3.1 states the geometry for the model used the

been fully evaluated to assess its impact design drawing and the as-built specification for the tank. Tables 4-1 and 4-2

on the tank's structural integrity? list more of the tank structural and load conditions.

(18-3) The applicable tank history was reviewed to determine any impact to the
analysis. Table 4.2 identifies the maximum temperature exposure and the
Sections that follow 4.4 describe how degrading factors were applied to the
model. See response to Comment 62-2 for further words on tank condition.

19 T15 RPP-CALC-47657, Rev. 0 (19-1) See response to Comment #(18-1) Closed for
Note: Numbers in bold added by both 19-x
WRPS to segregate the individual (19-2) See response to Comment #(18-2) See response to Comment 62-2 for comments
Ecology comments further words on tank condition. 10/21/10 with
(19-1) What is the as-is condition of the new words at
tank and left added to
(19-2) has it been factored into the 19-2.
analysis?

20 T16 RPP-CALC-47657, Rev. 0 The strength reduction factors for the older materials need not be reduced Closed
Strength reduction factors taken from because of exposure to the elements or extreme operating conditions. The 10/21/10
ACI-349-06 have been applied to account concrete surface of the dome was covered with 3 layers of asphalt felt and then
for uncertainties in material by a protective layer of mesh reinforced gunite. This precludes the infusion of
properties. These factors are considered water that could initiate corrosion. Video inspection of the inside surface of the
to be appropriate for new tank in the central region shows no evidence of corrosion, cracking or spalling
structures. What is the technical that could be evidence of rebar corrosion. The concrete has not been exposed to
justification for using these factors for freezing conditions due to soil cover. The moderate operating temperatures of
evaluation of older concrete structures the tank (<200'F) and high humidity are conducive to strength gain of the
that may have been exposed to extreme concrete. The Hanford concretes subjected to long term elevated temperature
operating conditions? exposure did not show any strength loss when exposed to temperatures less than

2000 F.
21 T17 RPP-CALC-47657, Rev. 0 Yes. See Section 1.0. The PNNL Quality Assurance program is compliant with Closed
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Have the finite element models and DOE Order 414.1C and ASME NQA-1-2000. Compliance requires verification 10/21/10

computer codes been verified and and validation of the software.

validated?
22 T18 RPP-CALC-43416, Rev. 0 (22-1) See response to Comment #(18-1) Closed for all

Note: Numbers in bold added by three 22-x
WRPS to segregate the individual (22-2) See response to Comment #(18-2) comments
Ecology comments (22-3) See response to Comment #(18-3) 10/21/10
(22-1) What is the as-built configuration
of the tank and

(22-2) has it been considered in the
analysis?
(22-3) Has the tank's operating history
been fully evaluated to assess its impact
on the tank's structural integrity?

23 T19 RPP-CALC-43416, Rev. 0 (23-1) See response to Comment #(18-1) Closed for
Note: Numbers in bold added by (23-2) See response to Comment #(18-2) both 23-x
WRPS to segregate the individual comments
Ecology comments 10/21/10
(23-1) What is the as-is condition of the
tank and
(23-2) has it been factored into the
analysis?

24 T20 RPP-CALC-43416, Rev. 0 See response to Comment #20 Closed
Strength reduction factors taken from 10/21/10
ACI-349-06 have been applied to account
for uncertainties in material
properties. These factors are considered
to be appropriate for new
structures. What is the technical
justification for using these factors for
evaluation of older concrete structures
that may have been exposed to extreme
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operating conditions?
25 T-21 RPP-CALC-43416, Rev. 0 Yes. See Section 1.1. The PNNL Quality Assurance program is compliant with Closed

Have the finite element models and DOE Order 414.1C and ASME NQA-1-2000. Compliance requires verification 10/21/10
computer codes been verified and and validation of the software.
validated?

26 T-22 RPP-CALC-43416, Rev. 0 The C-106 Structural Integrity Analysis for In-situ Conditions (WHC-SD- Closed
Has the possibility of dome buckling W320-ANAL-001, Tank 241-C-106 Structural Integrity Evaluationfor In Situ 10/21/10
been assessed? Conditions) completed a dome buckling assessment with the uniform and

concentrated loads and passed the buckling evaluation guidelines of ACI 318
and 349, Chapter 19 which has a safety factor of 3.5. The evaluation accounted
for time dependent creep, thermal effects and imperfections. The C Farm tanks
are identical in construction so this is applicable to the C-107 tank as well.

27 T-23 RPP-CALC-43416, Rev. 0 The assumption listed in 3.2 identifies that the large riser will not transmit a Closed. Per
The assumption in Section 3.2 needs to load to the dome by means of direct contact (i.e. the large riser will not contact 10/21/10
be explained in more detail. the dome). The loads from the riser and concrete pad are instead distributed to meeting it was

the soil. agreed that this

The backfill requirements for the riser installation process are provided in RPP- comment was

SPEC-41963, Construction Specification for Installation of A Large Riser on A closed if a

Single-Shell Tank. This reference has been added to RPP-22393 Section 3.1.1.1 reference was

at Ecology's request. added to RPP-
22393 for
backfill
requirements
associated with
the large riser
installation.

28 T-24 RPP-CALC-43416, Rev. 0 The approach used for the evaluation of existing structures for the load Closed
The use of unfactored loads is conditions including creep or other similar loads use load case C4 from 349 10/21/10
questionable. The purpose of using load Appendix C. The reason the load factors are not applied is because it un-
factors is to account for loading conservatively increases the moment capacity by using a greater axial load. The
uncertainties. By not applying load actual margins to safety are evaluated by comparing the ratio of the applied
factors the assumption is being made that moment to the allowable moment at the P-M boundary line (ductile behavior).
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there are no loading uncertainties.
29 T-25 RPP-CALC-43416, Rev. 0 The operating Moment of 80 kip-feet was applied to the tank through the Closed

4.6 Evaluation of MARS-Induced footing of the Large Riser foundation pad. The overturning moment produces 10/21/10 with
Moment on the Tank Dome Demands 86 psf at the surface of the dome compared to the Dead Load of the MARS unit words added at
In addition to the weight of the MARS, (100 kips) which produces about 270 psf at the dome surface. Compared to the left.
the MARS equipment generates moments normal soil pressure at the dome surface of 720 psf, the increase due to the
that are reacted through the concrete pad overturning load is not significant.
on which the MARS equipment The loads due to the telescopic arm are limited due to the "curb feeler" feature
rests. The reaction is transmitted through that shuts off the hydraulics if the end-effector senses hard contact with the tank
the soil above the tank and into the tank or other appurtenances in the tank. The slewing motor that rotates the MARS
dome. The effect of the weight of the. arm assembly also has a limited stall capacity that precludes large loads due to
MARS equipment has been included in rotational movement being stalled.
the seismic analysis and in the TOLA
analysis, but the effects of the operational See responses to Comments #12 and #27.
moment of the equipment have not yet
been considered.

What will be the effects of the operation
moment of the MARS equipment in use
on the structural integrity of the C-107
dome from any vibration, torque, force,
rotation... etc. with the new 55-inch riser
configuration? I realize that the force
will extend to the dimensions of the
concrete pad and then translate into the

backfilled soil, but no calculations have
been performed to suggest what if any
additional loads would result.

30 T-26 Will an IQRPE or trained representative IQRPE reports will demonstrate compliance with WAC 173.303.640. The Closed
be present on site to observe and verify following wording is added to new Section 3.1.1.1: 10/21/10
that correct materials and procures are "An independent, qualified registered professional engineer (IQRPE)
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used for the following:
a. Visual inspection and pressure testing
b. Subgrade and foundation preparation
c. Placement and compaction of backfill
d. Placement of reinforcing steel and

anchor bolts (if applicable)
e. Concrete placement (if applicable)
f. Installation of secondary containment

liner or vault (if applicable)
g. Installation of piping, pumping, and

other ancillary equipment
h. Installation of cathodic protection

systems (if applicable)
i. Tightness testing prior to placing tank

system (in this case retrieval system)
in service.

report will be prepared and issued for the large riser installation. This
report will be separate from the IQRPE report for the MARS retrieval
equipment. See Section 3.8 for clarifying words on WAC compliance."

The wording previously accepted by Ecology for C-107 modified sluicing on
information to demonstrate WAC 173-303-640 compliance for a new tank
system is given in Section 3.8 Informationfor New Aboveground Tank Systems
in RPP-22393, Rev 4B. For the later C-i 10 and C-ill TWRWPs (RPP-33116
and RPP-378739) it was agreed to between Ecology, DOE, and the tank
operations contractor to add additional clarifying words to Section 3.8. These
additional clarifying words are given below. If Ecology requests these same
words can be added to the RPP-22393 TWRWP also.

"A written integrity assessment, reviewed and certified by an
independent, qualified registered professional engineer (IQRPE),
attesting that the transfer-related equipment and associated transfer lines
are suitable for use during waste retrieval operations will be prepared in
accordance with WAC 173-303-640(3), "Design and Installation of
New Tank Systems or Components," and submitted to Ecology
following completion of the design and field installation of the WRS.
This includes verification that the subject equipment meets the
requirements set forth in WAC 173-303-640(3) and WAC 173-303-
640(4), "Containment and Detection of Releases." If additional systems
or additional transfer line systems are used, each system will be
evaluated by an IQRPE. The design provided to the IQRPE for review
will include all new or existing transfer systems, structures or
components, including secondary containment (e.g., central caisson if
used) and leak detection equipment used for waste transfer lines.

The requirements for an IQRPE assessment and the permitting decision
logic for new equipment or repairs/upgrades to equipment will be
performed in compliance with RPP-16922, Environmental Specification
Requirements, latest revision, Section 13.0, IQRPE Assessment Need
and Permitting Decision Logic.
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Risers were reviewed as part of the original SST System Integrity
Assessment (RPP-10435). SST system components (e.g., risers, pits,
etc.) that were identified as part of the SST system for the original
Integrity Assessment are not part of the retrieval system (unless
specifically identified as such) and do not require a separate or
additional integrity assessment if the function of the equipment doesn't
change from its original purpose (e.g., the original purpose of risers is to
provide tank access) and changes to the component are not outside
the original component design basis and specifications."

Change from 10/5/10 e-mail wording - Wording in the ORP meeting minutes
from 9/24/10 state: Ecology also requested that a statement be included in the

TWR WP that the guidance in document WDOE Guidance for Assessing and

Certifying Tank Systems that Store and Treat Dangerous Waste was

incorporated into the IQRPE Review Plan as appropriate.

The IQRPE review plan is put together by the IQRPE. The Statement of Work
for the large riser IQRPE support states "The purpose of these integrity
assessments is to perform and document an independent review of the tank

system to meet the requirements of Washington Administrative Code (WAC),
Dangerous Waste Chapter 173-303-640 (Tank Systems). Guidelines provided

by Washington State Department of Ecology, Publication No. 94-114,

"Guidance for Assessing and Certifying Tank Systems that Store and Treat
Dangerous Waste" shall be followed in preparation of these integrity

assessments."

The IQRPE review plan for the large riser installation provided to Ecology for
Comment (6-5) is believed to meet the WDOE guidance document. However,
requiring guidance document usage normally is not included in a TWRWP.

31 WI Note: Numbers in bold added by (31-1) There is little or no impact to the ultra filters. The filters are 31-1 closed
WRPS to segregate the individual replaceable. They are designed for a 0.1 tm particle size. Per Table 1 10/19/10
Ecology comments in RPP-47353 approximately 0.3 wt% of the post-cut garnet is 425 tm 31-2 closed
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What are project impacts to (31-1) ultra
filters and (31-2) piping and (31-3)
pumps?
(31-4) Provide a reference and summary
in the TWRWP.

or above, the 50 wt% fraction is at about 75 tm, and approximately 0.5
wt% is 5 tm or less, so the garnet should not plug up the filters any
more than other waste particles. A coating of waste builds up on the
outside of the filter that is periodically backflushed for removal. The
presence of garnet in the waste will have no impact on the filters in part
due to the presence of this coating of waste.

(31-2) 24590-WTP-RPT-PET-10-019 Rev 0, Section 7 summarizes Appendix
I which conservatively calculates that adding the garnet from cutting 22
holes to the waste will increase the erosion in WTP piping by 2 mils, or
4%. The calculations were done consistent with the method used in
calculation note 24950-WTP-M0C-50-00004, which estimated piping
erosion rates in the WTP for waste slurries. Neither 24950-WTP-M0C-
50-00004 nor 24590-WTP-RPT-PET-10-019 Rev 0, Appendix I
evaluated erosion of piping elbows, tees, or other fittings. There is
believed to be more than adequate erosion margin for piping and
components with or without the levels of garnet assumed in the
calculations. There is no basis to address elbow wear for erosion of
piping elbows, tees, or other fittings with garnet present if such erosion
was not specifically evaluated for the WTP piping without garnet.

(31-3) The pumps have not been purchased yet. The performance spec against
which the pumps will be purchased will be based upon a conservative
estimate of whatever materials the pumps will be expected to move,
thereby accounting for garnet additions to the waste. There are planned
to be <3 large diameter holes cut into SSTs with garnet before WTP
pump specs are issued for purchase. If additional holes are cut after the
pump specs are issued the WTP will need to reevaluate the pump specs
prior to submittal for future pump purchases.

(31-4) The TPA in Appendix I, Section 2.1.3 states "TWRWPs will address
only those actions associated with waste retrieval." The addition to
RPP-22393 of the requested WTP information is not within the scope of
retrieval as defined in either the TPA, Appendix I, Section 2.1.3 or letter

10/27/10, with
the stipulation
that the
response is
applicable for
no more than
three 55 inch
nominal
diameter holes
being cut into
SSTs. The
comment at
left is based
upon the
assumption of
22 holes being
cut.

31-3 closed, in
the 10/19/10
meeting it was
agreed that
words would
be added that
if >3 holes are
cut the WTP
pump spec
needed to be
reevaluated.

These words
have been
added at left.

31-4 closed per
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04-TPD-083. However, for completeness, all Ecology comments and 10/21/10
questions have been addressed and are tabulated in this comment table, meeting, with
which will be added to Appendix G, Washington State Department of words added at
Ecology Approved Change Notice(s), of RPP-22393. left

32 W2 Note: Numbers in bold added by (32-1) The impact of garnet on the erosion resistant stellite nozzles is expected 32-1 closed
WRPS to segregate the dividual to be negligible with the current planned velocities. Increased velocities 10/27/10, with
Ecology comments through PJM nozzles will be the addressed in a revision to 24590-WTP- the stipulation
On 10/19/10 Comments 32-1 and 32-2 M0C-50-00004 that will reflect WTP modifications due to M3 testing. that the
were deleted by Ecology and rewritten as It is expected that the impact of garnet on the nozzles will still be response is
new Comment 32-1: negligible at these higher velocities. applicable for
(32-1) How will the erosion wit (32-2) Comment deleted, combined in new 32-1) no more than
increase velocity and(32-2) game--impaet three 55 inch
PJM-nzzles-(words deleted) (32-3) There will be negligible impact from changes to nozzle orientation and nominal
How will the addition of garnet to the operation. This topic will be addressed in a revision to 24590-WTP- diameter holes

waste stream in addition to the increased M0C-50-00004. As part of WTP modifications due to M3 testing the being cut into
PJM nozzle velocities affect the PJM review of impacts will be evaluated. The addition of additional PJMs SSTs. The
nozzle erosion? and impacts to their firing sequences are subject to IQRPE evaluation. comment at
* (32-3) With more PJM and reoriented (32-4) The TPA in Appendix I, Section 2.1.3 states "TWRWPs will address left is based

nozzles and sequential firing? only those actions associated with waste retrieval." The addition to upon the
(32-4) Provide a reference and RPP-22393 of the requested WTP information is not within the scope of assumption of

summary in the TWRWP. retrieval as defined in either the TPA, Appendix I, Section 2.1.3 or letter 22 holes being

04-TPD-083. However, for completeness, all Ecology comments and cut.
questions have been addressed and are tabulated in this comment table, 32-2 deleted

which will be added to Appendix G, Washington State Department of 32-3 closed on
Ecology Approved Change Notice(s), of RPP-22393. 10/19/10 with

change shown
at left

32-4 closed per
10/21/10
meeting, with
words added at
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left

33 W3 Note: Numbers in bold added by 33-1) See response to Comment #1. All five 33-x
WRPS to segregate the individual comments
Ecology comments (33-2) See response to Comment #2 closed
* (33-1) How does the garnet impact (33-3) See response to Comment #2 10/19/10 with

the basic premises of the erosion changes shown
testing with the addition of garnet? (33-4) Yes. See response to Comment #2. at left

" (33-2) Is the testing still valid - (33-3) (33-5) Yes. See response to Comment #2.
is the simulate still bounding

" (33-4) Are the resulting equations and
(33-5) variables still valid and
representative

34 W4 Note: Numbers in bold added by (34-1) The impact of garnet on the wear rates with the current velocities is 34-1 closed
WRPS to segregate the individual described in the response to Comment #1. Per 24590-WTP-M0C-50- 10/27/10, as
Ecology comments 00004 Rev E erosion is proportional to the velocity raised to the power the
On 10/19/10 Comment 34-1 was deleted n. Equation 7.2.4.6 for the design wear rate shows a value of n = 3.46, calculations
by Ecology and rewritten as new and uses the factor (V/8 m/s)3 4 6 . Increased velocities through PJM show minimal
Comment 34-1: (34-1) the nozzles will be the addressed in a revision to 24590-WTP-MOC-50- impact for no

thinccu a in o elocit d ero n00004 that will reflect W TP modifications due to M 3 testing. The more than

calu latio ow the M 3 sd y r eas ed response to Comment #1 conservatively states that the impact on the three 55 inch
issies-?- How will the M3 study increased wear rate of cutting 22 holes will be less than 3.7% and the impact of nominal
PJM velocities affect the erosion on the one hole less than 0.17%. This impact percentage is expected to not diameter holes
bottom of the tank? change with velocity, Figure 10.8-A in 24590-WTP-MOC-50-00004 being cut into
(34-2) Provide a reference and summary shows the calculated design wear rates at velocities up to 18 m/s. SSTs. The
in the TWRWP. (34-2) The TPA in Appendix I, Section 2.1.3 states "TWRWPs will address comment at

only those actions associated with waste retrieval." The addition to left is based

RPP-22393 of the requested WTP information is not within the scope of upon the

retrieval as defined in either the TPA, Appendix I, Section 2.1.3 or letter assum tiob eig
04-TPD-083. However, for completeness, all Ecology comments and
questions have been addressed and are tabulated in this comment table, cut.
which will be added to Appendix G, Washington State Department Of 121closed per

Ecology Approved Change Notice(s), of RPP-22393.
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meeting, with
words added at
left

35 W5 Note: Numbers in bold added by 35-1) See response to Comment #1. 35-1 closed
WRPS to segregate the individual (35-2) The TPA in Appendix I, Section 2.1.3 states "TWRWPs will address 10/19/10
Ecology comments only those actions associated with waste retrieval." The addition to 35-2 closed per
(35-1) Erosion: it appears that known RPP-22393 of the requested WTP information is not within the scope of 10/21/10
erosion and margin calculations have not retrieval as defined in either the TPA, Appendix I, Section 2.1.3 or letter meeting, with
included garnet as a contributor to 04-TPD-083. However, for completeness, all Ecology comments and words added at
wear. Please verify that erosion and questions have been addressed and are tabulated in this comment table, left
margin calculations have, in fact, which will be added to Appendix G, Washington State Department ofaccounted the increased erosion potential Ecology Approved Change Notice(s), of RPP-22393.
associated with garnet.
(35-2) Provide a reference and summary
in the TWRWP

36 W6 Note: Numbers in bold added by (36-1) The current design transport velocities are more than adequate to 36-1 closed, at
WRPS to segregate the individual suspend solids in the waste and meet the ICD-19 requirements and the 10/19/10
Ecology comments required critical velocities. There is no change required to any planned meeting the
(36-1) Suspension: mixing calculations transport velocity to account for garnet in the waste. response at left

for PJMs and information for SpG WTP required velocities for suspension are documented in 24590-WTP- was accepted
transport of fluids and solids in lines ES-PET-08-001 Rev 1, Technical and Risk Evaluation ofProposed lCD- and it was
and pumps, and such, either have not 19 rev 4. agreed
been done or the information is not (36-2) The response to Comment #2 describes the analyses. comment
currently available to ensurehat this (36-3) The mean time between failures for replaceable components such as would be
material will move through the valves is based upon industrial standard estimates, e.g. a 3-5 year life closed when
process train as anticipated. The for many components. As stated earlier, several components have not reference was
inverse of that ill there is concern been procured, the impact of garnet will be considered as necessary added for
that this material will get "caught" in when these components are procured. The model used to estimate plant suspension
valve sleeves, pump seals, filters, etc, attainment and availability is based on industry information and a velocities. The
and cause a sub-optimization of the Monte Carlo random failure evaluation. The impact to the mission life reference has
process flow. as a result of garnet additions is expected to be minimal based on the been added.

* (36-2) What analyses have been done conservatively calculated erosion rates. 36-2 closed
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to ensure that WTP systems, (36-4) The TPA in Appendix I, Section 2.1.3 states "TWRWPs will address 10/19/10 with
structures, and components will only those actions associated with waste retrieval." The addition to change at left
continue to operate as designed, when RPP-22393 of the requested WTP information is not within the scope of 36-3 closed
garnet is added? retrieval as defined in either the TPA, Appendix I, Section 2.1.3 or letter 10/27/10, with
(36-3) If analyses have been done, 04-TPD-083. However, for completeness, all Ecology comments and the stipulation
what is in place or planned to ensure questions have been addressed and are tabulated in this comment table, that the
that operational mean time between which will be added to Appendix G, Washington State Department of response is
failures, for example, are known and Ecology Approved Change Notice(s), of RPP-22393. applicable for
are being planned for? no more than

(36-4) Reference this information in the three 55 inch

TWRWP. nominal
diameter holes
being cut into
SSTs. The
comment at
left is based
upon the
assumption of
22 holes being
cut.

36-4 closed per
10/21/10
meeting, with
words added at
left

37 W7 Note: Numbers in bold added by (37-1) See response to Comment #(31-1) and (31-3). 37-1 closed
WRPS to segregate the individual (37-2) The TPA in Appendix I, Section 2.1.3 states "TWRWPs will address 10/19/10
Ecology comments only those actions associated with waste retrieval." The addition to 37-2 closed per
(37-1) Abrasion: The reports so far do RPP-22393 of the requested WTP information is not within the scope of 10/21/10
not adequately show that abrasions retrieval as defined in either the TPA, Appendix I, Section 2.1.3 or letter meeting, with
effects on system components have been 04-TPD-083. However, for completeness, all Ecology comments and words added at
considered. In fact, it seems clear that questions have been addressed and are tabulated in this comment table,
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abrasion was not in many cases which will be added to Appendix G, Washington State Department of left
considered at all. For example, filter Ecology Approved Change Notice(s), of RPP-22393.
components, valving components - any
components that may be subject to
degradation because of the potential
increased abrasion factors applied by the
addition of garnet.
(37-2) Provide an evaluation of abrasion
effects (or a reference to a support
document) in the TWRWP.

38 W8 Dissolution/dissolving: a claim has been No credit is taken for dissolution of garnet in the analyses. Closed
made that the garnet will dissolve in 10/19/10
caustic solutions and not add a 'solids'
problem as it moves through the process
stream. There is no objective evidence to
support that claim; in fact, one circulated
report shows that garnet does not

dissolve, even after 12 weeks in caustic
solution.
Provide a conclusion and technical basis
for your calculations on whether garnet
dissolves in the TWRWP and any other
support documents.
(one document mentioning this issue:
WRPS-1000793, "Report on Dissolution
Test Results of Garnet Abrasive Material
for Hydrocutting in Tank 241-AN-101")

39 W9 Note: Numbers in bold added by (39-1) Garnet is not sulfur based. Garnet composition is normally stated as Both 39-x
WRPS to segregate the individual A 3B 2(SiO 4) 3, where Ca, Mg, Fe2

+, or Mn2
+ occupy the A site, and the B site comments

Ecology comments .contains Al, Fe3+ or Cr3+. Closed
(39-1) Glass loading: if garnet is used 10/19/10
and the garnet is a sulpher-based (39-2) The type of garnet used is specified in the controlling work
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compound, then the capability of the documentation.
waste glass could be
compromised. Depending upon the
make-up of garnet, there could be a
possibility that the integrity of the glass
formers could be compromised and not
meet quality standards.
(39-2) Provide clear material
specifications in the TWRWP for the
garnet and any associated materials with
it that may end up in the SST

40 W10 Note: Numbers in bold added by (40-1) There is no impact. The garnet will be suspended in the waste slurry 40-1 closed
WRPS to segregate the individual during transport, transport velocities are chosen to ensure materials are 10/19/10
Ecology comments adequately suspended (critical velocity). The mixer designs at the WTP 40-2 closed per
Mass balance/hardness/particle size: are selected to suspend slurries within specified composition limits. 10/21/10
(40-1) How does the insertion of the The waste feed to the WTP from cutting up to 3 holes in tanks in C- meeting, with
garnet into a suspended mix (already Farm will still meet the ICD-19 feed acceptance requirements with words added at
having to be diluted below contract garnet in the waste, as shown in RPP-47353. left
requirements because of the inability to (40-2) The TPA in Appendix I, Section 2.1.3 states "TWRWPs will address
suspend at % solids load) impact the only those actions associated with waste retrieval." The addition to
ability of WTP components to RPP-22393 of the requested WTP information is not within the scope of
accommodate the mix? retrieval as defined in either the TPA, Appendix I, Section 2.1.3 or letter
(40-2) Provide a reference and summary 04-TPD-083. However, for completeness, all Ecology comments and
in the TWRWP. questions have been addressed and are tabulated in this comment table,

which will be added to Appendix G, Washington State Department of
Ecology Approved Change Notice(s), of RPP-22393.

41 DI We don't understand and can't track the See response to Comment #1. Closed
wear allowance calculations thru the 10/19/10
various documents that were provided -
we need detailed clarification.

42 D2 24590-WTP-RPT-PET-08-008, Rev 0 (42-1) See Comment #1. All seven 42-x
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Note: Numbers in bold added by (42-2) through (42-7) See response to Comment #2. comments
WRPS to segregate the individual closed
Ecology comments 10/19/10 with
Shows that several tanks exceed the wear changes at left

allowances and need wear plates.
Some tanks are in the negative and

others are right at a threshold.
1. (42-1) How does this change with the

addition of garnet - If you multiply

the 3.05 from garnet - what are the

impacts

2. (42-2) How many wear plates need to

be reinforced and (42-3) by how much

and (42-4) which tanks?

a. (42-5) Have those wear

plates already been installed?

(42-6) How many new tanks (which
ones) now have (-) wear allowances or
are on the threshold and now need wear
plates added? (42-7) Have those tanks
been installed

43 D3 DRAFT-RPP-RPT-44252 Rev A This draft document was superseded by RPP-RPT-47353, Evaluation of Closed
Report DRAFT-RPP-RPT-44252 Rev Downstream Impactsfrom Garnet as A Cutting Media. A copy of this 10/19/10 with
A: the report is insufficient in its document was provided to Ecology on 10/7/10. changes at left
entirety. There assertions made that are
not substantiated in the report, and there
seem to be inaccuracies and
inconsistencies in the information.

44 D4 24590-WTP-RPT-PET-10-019, Rev 0 The Figure 1 was originally done via an Excel spreadsheet titled, Erosion Agreed
Please provide the calculations for evaluation worksheet Min velocity w-Garnet.xls. This worksheet was modified 10/21/10 will
Figures 1 and 2 that support the available to include the impact of garnet as shown in Figure 2. A copy of this file was be closed with
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wear allowances and the wear based on provided to Ecology on 10/21/10. Should more than 3 large diameter holes changes at left
experimental data. The data was not need to be cut in SSTs (including the C-107 cut) with garnet, the garnet erosion when file sent.
readily available in the referenced EFRT issue in the WTP will have to be mutually resolved with Ecology before such File sent to
Issue M2 Closure Report cuts are formally planned. Ecology

10/21/10.

45 D5 24590-WTP-RPT-PET-10-019, Rev 0 Tables 6 and 7 were calculated using the spreadsheet used for the original vessel Agreed
Please provide the explanations for the erosion calculation, with garnet impact added, as described in 24590-WTP- 10/21/10 will
calculations that produce the values in M4C-V37T-00007. These calculations are documented in two Excel files. One be closed with
Tables 6 and 7 (24590-WTP-M4C-V37T- file is for the 2.15% increase factor and the other is for the 3.05% The file changes at left
00007). This will explain why the tables names are: when files
in this report are different from the Table 24590- WTP-MVC-50-00002 Rev B 24-Micron DElx 2 15 v00.xls sent. Files sent
10-7 of the reference 24590-WTP-MOC- 24590-WTP-MVC-50-00002 Rev B 24-Micron DEIx 3 05 v00.xls to Ecology
50-00004, Rev E and Table 10.3 of the Copies of these files were provided to Ecology on 10/21/10. Should more than 3 10/21/10
24590-WTP-MVC-50-00002 Rev B large diameter holes need to be cut in SSTs (including the C-107 cut) with
(draft) calculation. garnet, the garnet erosion issue in the WTP will have to be mutually resolved

with Ecology before such cuts are formally planned.
46 D6 24590-WTP-RPT-PET-10-019, Rev 0 See the response to Comment #1 for explanation. The conservative 2.15 or 3.05 Closed

BNI committed to use the DEI test results factors are not applied to the WTP Design Wear Rate curve in Figure 10.8-A. 10/19/10
based on 24 micron silica sand for the They are applied to the bottom line in the same figure that is for the predicted
new design basis wear allowance average wear rate.
calculations which is labeled the "WTP
Design Wear Rates" in Figure 10.8-A of
the calculation 24590-WTP-MOC-50-
00004, Rev E, and Figure 3 of this
document. The earlier WTP design curve
is represented by the curve labeled
"FanAiming Wear Rates." Note that
both curves graphically show wear rates
for 29.10% solids loading, as a function of
PJM velocity. Table 10-4 of 24590-
WTP-MOC-50-00004, Rev E, applies the
FanAiming results to the WTP vessels.
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This table provides adjustment for actual
solids loading, jet velocity and percent of
time the PJMs are actually impinging on
the tank bottom. DEI's tests revealed
that the FanAiming curve was not
sufficiently conservative. The new
"WTP Design Wear Rates" curve
predicts twice the amount of erosion than
the FanAiming curve predicts. The worst
case numbers populate the column L in
Attachment 10.3 of the calculation
24590-WTP-M0C-50-00002 Rev B
(draft). When multiplying the increased
erosions by factors of 2.15 and 3.05, the
results from this table indicate several of
the erosion allowances will breach the
tanks integrity. Spreadsheets are
attached. Please provide a clear and
concise explanation of how the garnet
can be added to the waste and this
document has lower erosion estimates
that what is reported in the calculations
24590-WTP-MOC-50-00004 Rev E and
24590-WTP-MOC-50-00002 Rev B
(draft).

47 D7 24590-WTP-RPT-PET-10-019, Rev 0 See response to Comment #4 (Ecology Comment T1) Closed
Page 1 "Cutting risers for 22 tanks will 10/19/10
add an estimated 27,941 kg garnet."
Report RPP-PLAN-40145, SST Waste
Retrieval Plan, only lists 14 SSTs
needing a new 42" riser. Twenty-two
tanks is an overestimate. Correct number
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of tanks planned to possibly need a tank
dome enlarged opening.

48 D8 24590-WTP-RPT-PET-10-0 19, Rev 0 (48-1) It is agreed the wording could be revised on the garnet hardness, but the Closed both
Note: Numbers in bold added by wording has no impact on the document calculations or conclusions. If the 48-X
WRPS to segregate the individual document needs to be revised for some other reason this sentence can be revised comments
Ecology comments accordingly at that time. 10/19/10
Page 1 "Garnet is hard, with a Mohs acodnlathttie

(48-2) No response required, it is assumed that this insert was meant for
harness (sic) value between 8 and 9 Comment #54 (Ecology Comment D14). Lab report was not used in the
(Appendix B),...
* (48-1) Garnet hardness is 6-8.5, not 9.

The expected garnet used will be
between andradite garnet [hardness is
6.5-8.5] and pyrope garnet [hardness
is 6.5-8.5]. Use correct hardness.
(48-2) From Page A-12:

f -. L~lI a .i1  a 0 ma F e aITu 0 -l0i mirronsi was F 3r hw he gr1 Ital
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I grltll ltrFdO e hur eL a dra r e Fe uni C d 1 p ar
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49 D9 24590-WTP-RPT-PET-10-019, Rev 0 It is agreed the wording is incorrect or cannot readily be substantiated. Closed
Page 3 "The Fe2O3 and some of the However, the wording has no impact on the document calculations or 10/19/10
aluminum and silicon oxides present in conclusions. If the document needs to be revised for some other reason this
Pyrofrac could combine to form a garnet- sentence can be revised accordingly at that time.
like material [Fe3Al2(SiO4)3]."
Correct statement. Garnet does not form

from the iron oxide and Al and Si oxides
just being mixed.

50 D10 24590-WTP-RPT-PET-10-019, Rev 0 The abrasiveness is not being measured, the change in abrasiveness/erosion of Closed
Page 3 "Table 5 takes this percentage waste with garnet is being conservatively estimated. See response to Comment 10/19/10
and estimates that there was #1 for explanation of the 205% increase estimate.
approximately 0.24 wt% garnet in the
simulant. This equates to an estimated
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RPP-22393, Rev 7 Enclosure 1
Ecology Comments and United States Department of Energy-Office of River Protection Response

on RPP-22393 Change Notice 2010-4

Comment Ecology
# Comment Ecology Comment ORP Response Status

205 % increase in abrasiveness in the
tank waste due to garnet."

Offer an explanation on how such
abrasiveness is being measured.

51 DII 24590-WTP-RPT-PET-10-019, Rev 0 It is agreed the wording is incorrect. However, the wording has no impact on Closed
Page 6 "The waste is modeled as the document calculations or conclusions. If the document needs to be revised 10/19/10
alumina, which has a hardness of 9 Mohs for some other reason this sentence can be revised accordingly at that time.
which is equivalent to garnet, so no
adjustment has to be made for the sharp
edges or the density of garnet with
respect to the actual waste."
Correct the statement above. Hardness is
different from having sharp edges.

52 D12 24590-WTP-RPT-PET-10-019, Rev 0 (52-1) The word 'significant' should not be in the document. However, the Closed both
Note: Numbers in bold added by word has no impact on the document calculations or conclusions. If the 52-x
WRPS to segregate the individual document needs to be revised for some other reason this word will be revised comments
Ecology comments accordingly at that time. 10/19/10
Page 8 "Estimates show that garnet added (52-2) Yes.
to the Hanford tank waste will
significantly increase the erosion of the
WTP process equipment." Figures 1 and
2 of Predicted 40-Year Wear Allowances
with and without garnet only show a
'Significant" increase for some of the test
materials.

(52-1) Define significant.

(52-2)Is the conclusion here that some
material with garnet showed an increase
in wear, but within the wear allowance?

53 D13 24590-WTP-RPT-PET-10-019, Rev 0 No change required. Lab report was not used in the analysis. Closed
The testing described in this report was 10/19/10
done with AN-101. The waste from the

Page 36 of 42 [pg numbers at left are as in table transmitted by Ecology, add G-+80 to number, i.e., pg 1 of 42 = pg G-81, pg 2 = pg G-82,...pg 42 = pg G-122]

G-1 16



RPP-22393, Rev 7 Enclosure 1
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on RPP-22393 Change Notice 2010-4

Comment Ecology

Comment Ecology Comment ORP Response Status

first SSTs [C-107] to have a new riser cut
will be going to AN-106. The waste
from the other 2 C farm tanks (C-101 and
-105) will go to AN-101.
State whether there are different waste
contents between AN-101 and AN-106 to
effect the garnet testing.

54 D14 24590-WTP-RPT-PET-10-019, Rev 0 No change required. Lab report was not used in the analysis. Closed
Page A-12 10/19/10
Correct statement. Garnets lack cleavage.
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55 D15 24590-WTP-RPT-PET-10-019, Rev 0 No change required. Lab report was not used in the analysis. Closed
10/19/10

Page A-28
-nalasurc
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Add more data on volume of loose
particulate, this is also important.

56 D16 24590-WTP-M4C-V37T-00007 (56-1) These tables will be provided in a revision to 24590-WTP-M0C-50- Closed both
Note: Numbers in bold added by 00004 that will be provided to Ecology within the upcoming year. This revision 56-x
WRPS to segregate the individual is required to document additional mixing tests. Change to the tanks as result comments
Ecology comments of the M3 testing have added additional PJMs and those changes will, as stated 10/19/10 with
Section 8 Results earlier, require changes to the packages submitted to the IQRPE . See response changes added
* (56-1) It is stated that the tables are to Comment #2. at left

provided for informational purposes (56-2) This is a subjective statement. The presence of other waste particles near
and the tables are being revised. the metal surfaces is assumed to 'cushion' moving garnet particles to an
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Ecology Comments and United States Department of Energy-Office of River Protection Response

on RPP-22393 Change Notice 2010-4

Comment Ecology
# Comment Ecology Comment ORP Response Status

Provide the updated tables so an unqualified degree by absorbing some of their energy. The wording has no
accurate conclusion can be drawn. impact on the document calculations or conclusions. See response to

(56-2) It is stated that the presence of Comment #2.

other solids in the waste will dilute the
abrasive effect of the garnet. Further
information on this is not provided.
This needs further discussion.

57 D17 245-WTP-r i-V3 T00ded by (57-1) See response to Comment #4 (Ecology Comment TI) osed both

WRPS to segregate the individual (57-2) See response to Comment #49 (Ecology #D9) comments
Ecology comments 10/19/10
Section 2 Inputs
1. For Method 1(57-1) It is stated that

there will be 22 tanks that will have
garnet added. The latest
documentation (RPP-PLAN-40145,
rev. 1, SST Waste Retrieval Plan)

states only up to 14 tanks will need a
larger riser cut and only 3 (in C Farm)
tanks by FY2014. If the calculations
are run for 22 tanks, these numbers
are over conservative. Make

appropriate corrections.
For Method 2 (57-2)_It is incorrect to

state that Fe 2 03 and some Al and Si
oxides in Pyrofrac are representative

of garnet. These oxides as individual
components do not behave the same
as a garnet mineral; therefore, these
assumptions cannot be used to
determine the garnet erosion
estimates.
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Ecology Comments and United States Department of Energy-Office of River Protection Response

on RPP-22393 Change Notice 2010-4

Comment Ecology
C Comment Ecology Comment ORP Response Status

58 D18 24590-WTP-M4C-V37T-00007 See response to Comment #4 (Ecology Comment T1) Closed
Section 7 Calculations, subsection 7.1 10/19/10
The calculations have overestimated the
number of tanks needing a large riser cut,
resulting in a conclusion of 115%
increase in abrasiveness in the tank
waste. Correct calculations.

59 D19 24590-WTP-M4C-V37T-00007 Closed
Attachment B Garnet was originally selected because it is what most of industry uses for water 10/19/10
Explain why Al oxide was not selected as jet cutting and we wanted a commercially available technology that successfully
an abrasive additive to the waterjet deployed for the C-107 dome cut. Other abrasives were looked at when

cutting; it has a higher 'index' of the concerns were raised about garnet in the WTP. Aluminum oxide was not

cutting performance than garnet. selected for testing as it has a higher hardness rating than garnet and thus could
cause the same or a higher level of concern than garnet. It was deemed prudent
to only use an abrasive that will provide the cutting action needed.

Based upon verbal discussion with Ecology it appears Ecology believes we may
be able to use aluminum oxide for cutting and then dissolve it in caustic. This is
not practical. The 19M NaOH dissolution planned for the C-108 hard heel is
intended to break down Gibbsite (or similar compounds) which are hydrated
aluminates of the form Al(OH) 3 -XH20, not A120 3 . The hydrated aluminates
have been shown in the lab to break down with time under 19M NaOH to form
sodium aluminate solids, Na 20 - Al 203 (NaAlO 2). The 19M NaOH would not
significantly affect Al 2 03.

Garnet is an industry standard for many cutting applications, there are numerous
vendors and methods for cutting concrete or other materials with garnet.
Aluminum oxide is generally used more for surface preparation or related
cutting actions.

60 D20 RPP-RPT-47353 See response to Comment #2. Closed
The report identifies that the near term 10/19/10 with
tanks requiring a large riser are C-101, - change at left
105, and -107. The calculation for
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on RPP-22393 Change Notice 2010-4

Comment Ecology
# Comment Ecology Comment ORP Response Status

dilution of material only uses these 3
tanks. This is satisfactory for the C Farm
work, but if an overall, life-of-project
evaluation for all projected tanks needing
a large riser cut, then there needs to be
further calculations.

61 1. 9/21/10 A detailed process hazards analysis is being performed and will be completed Closed
Ecology noted that potential failures or prior to the large riser installation, as required by current contractor procedures. 10/19/10
anomalies encountered during the riser This process hazards analysis document was provided to Ecology on 11/03/10.
installation process had not been thought The following words are added to a new Section 3.1.1.1 in RPP-223 93:
about. Because of the significance of this Installation of the large riser will be evaluated for hazards following
project and the costs, Ecology asks that a current TOC hazards review procedures prior to performing the
detailed review of the design, preparation installation.
activities, work activities, procedures,
etc. be conducted and where necessary
identify appropriate risk
reduction/mitigation measures to assure
that the installation portion of the project
is a success. Ecology requests that
ORP/WRPS share this information as it is
developed. (i.e. An evaluation should be
performed to develop a backup plan to
address this scenario or to mitigate the
possibility of it happening by installing
more anchors. )

62 2. 9/21/10 (62-1) A core of the tank dome should not be taken until the plug is removed. Closed
Note: Numbers a bold added by The anchor bolts used to lift the plug are drilled with a drill bit and have 10/27/10.
WRPS to segregate the ndividual a different diameter than that of a core needed for compressive tests. Response to
Ecology comments Not only would obtaining a core from the dome plug before removal both 62-x
Current plans call for cutting a concrete result in more personnel exposure, sample packaging and transport to a comments was
core from the dome plug for testing after suitable lab to perform compressive strength results, and waiting for accepted
it is the plug is removed. It would be those results will delay the project accordingly. The dome cutting plan 10/21/10, but
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Comment EcologyT
# Comment Ecology Comment ORP Response Status
_ _ _ ___ __ t __ ___ ___ __# _

more helpful to take a core from the
dome of the tank before the plug is cut
and removed. This would allow for
testing of the concrete in the tank's dome
to assure that it's compressive strength is
greater than the design strength of 3,000
psi. and verification of the as-is thickness
of the concrete at the apex region of the
tank's dome. Both of these key
characteristics are unknown and should
be verified prior to cutting of the dome
rather than after. (62-1)However, if a
small core of the dome's concrete cannot
be acquired and sampled, Ecology
requests that ORP/WRPS provide
concrete core testing data from other tank
domes of the same age, thickness, and
design and construction.

(62-2)Ecology anticipates that this
information will be added to the
Modification for the C-107 TWRWP.

is based upon a very conservative method of suspending the dome plug.
The number of anchor bolts used, the safety factors for each anchor
bolt, and the installation method for the anchor bolts serve to minimize
the potential for dropping or wedging the plug.

Per the Ecology request in the last sentence of their comment, provided
to Ecology on 10/7/10 was a copy of WHC-SD-W236A-ES-009, Rev 0,
Compilation of Inspection Data on Aging Hanford Concrete Structures.
This document was never released. Also included are copies of RHO-
C-22, Strength and Elastic Properties of Concretesfrom Waste Tank
Farms, 1978, and RHO-RE-CR-2, Strength and Elastic Properties Tests
ofHanford Concrete Cores - 241-SX-115 Tank and 202 A PUREX
Canyon Building.

(62-2) The following paragraph is added to a new Section 3.1.1.1 in RPP-22393
that describes the new riser addition:

Prior to cutting the central hole, the anchor bolts used to support the plug
during cutting and removal will be installed by qualified personnel following
manufacturer's recommendations and checked as described in the controlling
work documentation to verify the bolts have acceptable contact with the
plug. The method for suspending the plug during and after the cutting step is
designed to be quite conservative. The concrete present in the dome is
believed to have more than adequate strength to support the plug with the
anchor bolts in place. Based upon in-tank video of the tank dome, the tank
thermal history, and the construction method for the dome there is no reason
to suspect any concrete degradation has occurred.

Change from 10/5/10 e-mail wording - Redline wording added by Ecology to
the ORP meeting minutes from 9/24/10 stated: It was also agreed by Ecology,
DOE, and WRPS that on-going deflection measurements of the dome's surface
during the excavation/ construction process would provide some indication of
the concrete's strength. Deflection measurements will be taken during this
process and the data sent "real-time" to qualified personnel which can then
assess the dome's condition and response to these activities.

there were
concerns by
Ecology with
the frequency
of taking dome
deflection
measure-
ments. The
very last
statement in
the next to last
paragraph
under Change
from 10/5/10
e-mail
wording was
revised as
shown and
agreed to by
Ecology on
10/27/10, with
the agreement
to add the
additional
words shown
in the last
paragraph to
Section 3.1.1.1
of RPP-22393.
These were
added to RPP-
22393 on
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Comment Ecology
# Comment Ecology Comment ORP Response Status

In reviewing the redline/strikeout changes to the ORP meeting minutes this 10/27/10.

addition by Ecology wasn't noted. Taking deflection measurements was
discussed during the 9/24/10 meeting but no commitment was made to take on-
going deflection measurements that would be sent out in "real time". The large
riser installation work packages will call for a deflection measurement to be
made prior to beginning excavation, periodically during the excavation and
installation process, and at the end of the large riser installation.

The following words shown in bold have been added to Section 3.1.1.1 of RPP-
22393: Structural evaluations have been performed evaluating the tank dome

loading conditions resulting from cutting the hole into C- 107 and adding the

large riser for support of the MARS equipment, and monitoring/evaluation will
be performed during the riser installation process.

63 NA (verbal requests from Ecology in Ecology has verbally requested a more detailed description of the MARS Closed,
9/16/10 meeting) equipment. Provided to Ecology with this list of responses are copies of H-14- documents

107936, MARS Assembly Installation Details; H-14-107929, Mobile Arm delivered
Retrieval System Range ofMotion; H-14-107937, sheets 1-8, MARS Bulk 10/7/10
Retrieval General Arrangement; H- 14-107926, MARS P&ID Bulk Retrieval

Specific Components; and H-14-107928, MARS P&ID Generic Components.



RPP-22393, Rev 7

Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

1. Document Titlc and Number: RPP-22393, Rev 5, 2 C-1 02, 24-C-104. 241 -C- 07, 241-C-108
nd 241-C-112 Tanks Waste Retrieval Work Plan

2. Minor Field Change:
(Section 12.4 1FFACO Action

C Yes: (WRPS Signature OnI -
Attaen signed form to Prry

Do uoment for record purposes)

X No: Proceed to Rox 3

6.
Do proposed changes
require schedule changes?
(Would this extend
completion of retrieval
beyond 12 months from
date of initiation?)

t Yes x No

3. Document Issue Date: 5. Notice Number: 20 A-I

11/30/10

4. Document Modification
Notice Date: 3/9/l1

7.
Do proposed changes include
specine additions, deletions, or
modification to scope and/or
requirements which affect the
overall intent of the plan?

D Yes x No

9. Description and Justification of Change:

8. (Check only one box)

7 Significant Modi-5cation
(Check i-he answer to question in either
section 6 or 7 in "yes' Signitcunt
modificationo require revision of the primary

inor Modification
X Requires noditestion of the document

X Can be accomplished with Modification
Notice. ________

'hange Description: A change is needed to reflect the planned leak detection instrumentation change in
Double Shell Tank Annuli. The changes covered by this modification notice are shown below in italics
and strikeouts.

Section 4.1.3:
Tanks C-102, C-104, C-107, C-108 and C-112 currently have operable Enraf level gauges installed. The
DST receiver tanks also have the same type of level gauge installed. Each DST receiver tank annuaus
has leak detection devices tge ecnducsivi b gues installed such as conductivity gages, nraf
level gauges or similar instruments in-the- amTll. r-heseannuIus level gaugen Ee used for detection of
leaks fron the tank primary tank liner.

The primary level monitoring in the receiver DST is performed as described in OSD-T- 151-00031,
Section 4.0. The thee annulus leak detector probes instruments provide indication of tank leaks as
described in OSD-- 151-00031, Section 4.0.

Section 4.2.1.5:
The existing leak detection systems in the receiver DST will be utilized as required in OSD-T-151-
00031 A leak from the primary vessel of the receiver DST will be detected by eenduet' probe leak
detection instruments installed in the annulus.

Justification: Modifications are being made in the DST annuli to eahance leak detection capability.
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

'rpact of Change:

Impact.

11. Additional Requirements and/or Provisions :

Apnroials

Washington River Protection Office of River Protection
Soltations, LLC.

c Provisional Approvaa L Provisional Approval 2

Date Date

State of Wash, Dept. of Ecology

E Provisional ApprovaY
Date *

A v Final Arpro 0 inal. pprova' 2a Final Approval
Date / q _ Date Date

Notes
I - For use by Ecology to identify any additional information needed to make a decision regarding the requesT or modiflications. In
addition, Ecology will identify actions, if any, regarding the modification request that DOE may take pending Ecology's final decision
2 Provisional approval allows DOE and its contractors to take specific actions identified in section I L prior to final approval o Lhis
modification.
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

Document Title and Number: RPP-22393, Rev 5, 241-C-I 02, 241 -C-104, 241 C-I 0?,2 41-C-lO8
and 241-C- 112 Tanks Waste Retrieval Work Plan

2. Minor Field Change:
(Section 12.4 HFFACO Action
Plan)
D Yes: (WRPS Signature Only

3. Document Issue Date: 5. Notice Number: 2011-2

11/30/10

Atlach signed f orm to Priniary --
Document for record purpose4) 4. Document Modification

Notice Date: 5/10/ 1l
x No: Proceed to Box 3

6. 7. 8. (Check only one box)
Do proposed changes Do proposed changes include ri Significant Modification
require schedule changes? specific additions. deletions, or (Check if the answer to question in either
(Would this extend modification to scope and/or section 6 or 7 is "yes". Signiticant
completion of retrieval requirements which affect the rmodifications require revision of the primary
beyond 12 months from overall intent of the plan? document)
date of initiation?) Minor Modification

g Yes x No X Requires modification or the document
A Yes x No x Can be accomplished with Modification

Description and Ju n of hange:Notice.
Description and Justification of Change:

Change Description: A change is needed to implement the requirements of Consent Decree No.
08-5085-FVS, United States District Court Eastern District of Washington, October 25, 2010. This
opportunity is being taken to clean up a number of out-of-date or inaccurate words in the TWRWP. Thechanges covered by this modification notice are shown in redline/strikeout on the attached
redline/strikeout pgs, xii, 1-1, 2-1, 2-13, 3-1, 3-3, 3-4, 3-6, 3-8, 3-12 to 3-15, 3-17 to 3-25, 4-1, 4-6, 4-14
5-1, 5-2, 7-1. 9-1, 9-2, 9-5, 9-6, 9-7, 948, 9-9, 9-10.

Justifications:

" pg xii, added high pressure water definition for clarity, editorial change, added TOC as acronym
" pg 1-1, para I change for clarification, para 2 change to update for Consent Decree wording, para 3

deleted unnecessary old wording

pg 2-1, revised date wording for consistency with Consent Decree wording
" pg 2-13, changed to show revised documnent number

* pgs 3-1, changed to comply with Consent Decree wording on second technologies
* pgs 3-3 to 3-4, waste compatibility assessment, exhauster condensate, and vent system wording

changes made to be consistent with Ecology approved C- I 1 TWRWP (see addition on pg 5-1),fixed TOC typo, deletes unnecessary reference

* pg 3-6, deletes wording on in-tank vehicle use previously approved by Ecology. In order to comply
with Consent Decree this has to be deleted. Revised unnecessarily specific wording on number of
diversion boxes.

* pg 3-8. deletes additional wording on in-tank vehicle use previously approved by Ecology.
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

pg 3-12, added in listing of C-107 where it was erroneously deleted in last revision
* pg 3-13, deletes additional wording on in-tank vehicle use previously approved by Ecology
* pgs 3-14 and 3-15. change notify to inform, the words have erroneously stated the formal 'notify'

instead of 'inform' and not recognized before

* pg 3-17, deletes additional wording on in-tank vehicle use previously approved by Ecology.
* pg 3-17 to 3-18, added explanatory words on heel dissolution

* pg 3-18, modifies out of date wording on sluicing experience
* pgs 3-19 to 3-21, revises wording on supernate use to be consistent with Ecology approved C-Ill

TWRWP including adds supernate advantages and disadvantages table requested and approved by
Ecology, and deletes reference to deleted TSR control in same table

* pgs 3-21 to 3-22, added rationale words for second technology required by Consent Decree and
updated 360 ft3 reference

* pgs 3-23 and 3-24 to 3-25, clarified reference to Consent Decree for 360 ftI wording
* pg 4-1, added words referencing Consent Decree for TWRWP requirements
* pgs 4-6 and 4-14, adds in words approved by Ecology in Modification Notice 2011-1
* pg 5-1, para 1. clarified Consent Decree applicability and updated TOC and contract number, last

para, added words consistent with Ecology approved C- II TWRWP
pg 5-2, updated reference

* pg 5-7, changed form to from in item (4)

* pg 7-1, added reference to Consent Decree and made editorial change shown
* pgs 9-1, 9-2, 9-5 to 9-10, updated references

10. Impact of Change:

Change revises document to meet Consent Decree wording. If selected second technologies are not the
desired ones to implement following bulk retrieval in a tank, another change(s) will be required to the
document.

11. Additional Requi rements and/or Provisions: - /
Approvals

Washington River Protection Oftice of River Protection fState of Wash. Dept. of o ogy
Solutions, LLC.

E Provisional Approval D Provisional Approval2  c Provisional Approval2

Date Date Date

Final pi Final p roval E IEFinal Approval
Date f!n 1 1  Daite , 7/ Date )Z--

Notes
-use by Ecology to identify any additional information needed to make a decision regarding the request for modifications. In-n, Ecology will identify actions, if any. regarding the modification request that DOE may take pending Ecology's final decision2 - Provisional approval allows DOE and it's contractors to take specific actiors identified in section I1, prior to tinal approval of this

modification.
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Additional page to Modification Notice Number 2011-2 for

r"0 P-22393, REVISION 5, 241-C-102, 241-C-104, 241-C-107, 241-C-108, and 241-C-112 TANKS
STE RETRIEVAL WORK PLAN

#11 Additional Requirements and/or Provisions

Approval is given with the understanding that:

1. Section 2.1 RETRIEVAL START DATES will be updated with the most current planned
retrieval start dates as communicated in the last TPA Project Managers Meeting.
Revision 5 currently lists some out-of-date planned start dates for waste retrieval
operations:

a) C-102: November 2012
b) C-104: began in January 2010 [no restart date is given]
c) C-107: June 2011
d) C-108: hard heel removal-January 2011
e) C-112: October 2011

Ecology will be notified, in the TPA Project Managers Meeting, if the retrieval start dates are
changed.

2. RPP-22393 will be changed as indicated in the disposition of the attached RCR
comments.

3. Ecology is anticipating another RPP-22393 modification notice to include reference to a
Definition for Limit of Technology (LOT) For Modified Sluicing document, with additional
text to be added to the TWRWP that describes the USDOE process for determining LOT
for other technologies.

4. Correspondence 0401281, in RCR comment #1 is 04-TPD-083, "Agreement on Content
of Tank Waste Retrieval Work Plans, dated Aug. 20, 2004

5. In RPP-22393, reference to RPP-21753, C Farm 100 Series Tanks, Retrieval Process
Flowsheet Descnption, Rev. 1, CH2MHILL will be removed where it is no longer
applicable.

6. ORP/WRPS will continue to forward to Ecology the retrieval operations status reports
that include
a) estimated waste retrieved
b) estimated waste remaining
c) estimated water used
d) estimate supernate transferred to the SST
e) summary of recent operations

7. The following references are in the Ecology library and do not need to be added to the
RCR form:

a) TFC-ENG-FACSUP-CD-22, Post Retrieval Tank Waste Volume Determination
b) TFC-ENG-C H EM-P-47, Single-Shell Tank Retrieval Completion Evaluation,
c) TFC-ENG-DESIGN-C-32, Spreadsheet Development and Verification
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REVIEW COMMENT RECORD (RCR)
1. Date 8/4/11

3 Project No,

5. Document Number(s)/Title(s)
RPP-22393, Revision 6, 241-C-102, 241
104, 241-C-107,241-C-108 AND 241-(
TANKS WASTE RETRIEVAL WOR
PLAN

Organization Manager (Optional)

Project Manager Name Reviewer Name
-C- Chris Kemp Jeff Lyon
-112 Nancy Uziemblo

K

10. Agreement with indicated comment dispos ition(s)

Revtewer/Point of Contract

Date

Author/Originator

12. Item 13. Conmaent(s)/Discrepancy(s) (Provide technical justification for the comment and detailed recommendation of the
action required to correct/resolve the discrepancylprobiern indicated.)

Entries in red added by WRPS for clarity.
(A) Include a section following 3.1.3 titled "Performance Monitoring and
Measurement

Reviewer/Point of Contact

Date

14. Reviewer
Concurrence

Required

Author/Or iginator

15. Disposition (Provide juslification I
NOT accepted.)

Rejected. The Consent Decree
does not require a Peifornance
Monitoring and Measurement
section describing methods for
estimating the performance of each
technology in the TWRWP.
Required '1WRWP content can be
found in three places I) the
Consent Decree, 2) Appendix 1,
and 3) Correspondence 0401281,

(A) Th requested intornation in
the rest of Comment I is provided
below for information purposes
onlv in resnonse to this comment.

A-6400-O90.1 (11/99)

I of 11

2.

4.

Review No.

Page

1 )
00

-o
1 )
1 )

(3

16.
Status

Closed
See

motes

sad 3



DIWIC1AI flfKflMMENT RErnn Rtni
1.1

3.;

12. Item 13. Comment(s)/Discrepancy(s) (Provide technical justification for the comment and detailed recommendation of the
action required to correct/resolve the discrepancy/problem indicated.)

Include (13) the monitoring measurements/systems,

(C) methods, and

Date 8-4-11

Project No. N/A

14. Reviewer
Concurrence

Required

1 2. Review No

4. Page 2 of 1

15- Disposition (Provido justification If 18.
NOT accepted.) Status

The requested section is not
addedto the IWRWP because
adding such information would
unduly restrict the ability of DOE-
ORP and the TOC to snake
changes in the method, equipment,
and procedures as needed,

(B) The monitoring
ntcasurenenl'systems currently
planned for installation and use in
measuring retrieval performance
include: a receiving DST level
gauge; a flowneter/totalizer on the
slirry line out of the SST; a
flowmeter/totalizer on the liquid
line into the SST; flowmeter(s)
totalizer(s) on the water line(s)
used; video camera(s) in the tank
headspace and local time
indication device(s).

(C) The method(s) planned to be
used include, but may not be
limited to: 1) estimation of the
volume of SST waste removed
based upon DST level change as
measured between time periods
when the SST liquid is pumped
down to comparable levels, minus
the water added to the system in
the time period; and/or 2)
estimation of the concentration of
waste in the slurry out ofthe tank;
and/or 3) estination of the volume
of SSI waste removed based upon

A-6400-090.1 (03/9t

-O
1 )
1 )
50

C;

-4



1. Date 8-4-1 1 2. Review No,

REVIEW COMMENT RECORD (RCR) 1Dt - .Rve o

3. Project No. N/A 4. Page 3 of I

12. Item 13. Comment(s)/Discrepancy(s) (Provide technical justification for the comment and detailed recommendation of the 415 Disposition (Proide justification if 16.12 tenaction required to correct/resole the discreparncylproblem indicated.) ReurdNOT accepted.) Status
___________________________________________________________Required

visual observation at different
times; and/or 4) estimaticni of the
volume of SST waste removed
based upon volume displaceuent
measurements.

The concentration of waste in the
slurry out of the tank may be
measured by the volume of FST
waste into the DST divided by the
slurry volume, or by comparison
between inlet and outlet flowmeter
val ues.
During retrieval operations
Ecology receives status reports
daily that include: estimated waste
retrieved: estimated waste
remaining: estimated water used;
estimated supernate transferred to
the SST; and a summary of recent
operations. From these reports rate
and percent complete can be
estimated.

The TWRWP contains information
regarding tracking and rnonitorintg
retrieval in Section 3.1.3 and,
although not required, the
definition of "limit of technology"
from the Consent Decree has been

(D) estimating procedures that will be used for estimating each technology added to Section 3.1.3
performance for each tank to: (D)(1)(a) During active retrieval
(I) obtain the CD vol ume goal (include both (a) active retrieval and operations data are collected and

calculations performed in an Excel
ile filled out by engineering

A-6400-090.1 (03/99)



1. Date 8-4-11
REVIEW COMMENT RECORD (RCR)

3. Project No. N/A

12. 13. Comment(s)/Dscrepancy(s) (Provide technical justification for the comment and detailed recommendation of the 14, Reviewer
ternn rConcurrenceacton eqire t coret/rsove hediscrepancy/problemn indicated-)act~n rqisr~tito crre'tlrsole th -. Required

(b) post retrieval),

(2) and if different monitoring measurements/systems, methods, and estimating
procedures will be used for determining "limits of technology", please include those

--F2 Review No.

4. Page 4 of I

15. Disposition (Provide justification if 16,
NOT accepted-) Status

personnel- This file will bc slimilar
for each tank, although C-107 will
ikely have additional data points

because it has more and slightly
different flowmetors/totalizers.
There are no written procedures for
filling out the Excel file, it is filled
out by knowledgeable personnel
and the data reviewed and verified.
The file normally goes through a
software verification at key points
(e.g., at 50% retrieved, etc.) within
the process. Software verification
is done per TFC-ENG-DESIGN-C-
32, Spreadsheet Development and
Verification. A copy of which is
attached to this RCR response.

Procedures/methods used for
monitoring equipment performance
are revised as needed and a
description of them have Do place
in a TWRWP.

D)(l)(b) The post retrieval volume
determination is performed
following procedure ti C-ENU-
FACSUP-CD-22, Post Retrieval
Tank Waste Volume Determination
and 'FC-ENG-CHEM-P-47,
Singie-Shell Tank Reorieval
Completion Evaluation. Attached
to this RCR response are copies of
each procedure,

(D)(2)(a) Monitoring methods are

A 6400-090.1 (03/9!

-O
K)

K)
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REVIEW COMMENT RECORD (RCR)

12 Item
14. Reviewer
Concurrence

Required
15. Disposition (Provide justification it

NOT accepted.)

not used for determining "limits of
technology" during active retrieval
operations. Monitoring methods
are used to measure system
perfornance using the equipment
and methods as described above in
(B), (C), and (D)(t)(a). The
information obtained on the system
performance is used to determine
when a 'limit of technology" is
met.

(D)(2)(b) There arc no "limits of
technology" for post-retrieval as
there are no retrieval operations
taking place

(D)(3)(a-d) There are no alternate
methods, currently planned to be
used other than those described
above. It is beyond the scope of a
TWRWP and this RCR to list all
potential filures and the alternate
equipment which may be used to
obtain information should the
equipment not be repairable.

A-6400-090.1 (03/99)

13. Comment(s)/Discrepancy(s) (Provide technical justification for the comment and detailed recommendation of the
action required to correct/resolve the discrepancy/problem indicated.)

(include both (a) active retrieval and

(b) post retrieval),

I Date 8-4-11

3. Project No. NIA

2. Review No.

4. Page 5 of I I

16.
Status

-ol



1. Date "-1
REVIEW COMMENT RECORD (RCR)

3 Project No, N/A

12. Item 13 Comrnment(sfDrscrepanoy(s) (Provide technical justification for the comment and detailed re commendation of the 14. Reviewer 15.
12 1wrnConcurrenceaction required to correct/resolve the discrepancy/probem indicated.)

3) if alernate methods wI.l be employed or considered if the primary methods or
equipment fails, please include the description of those (a) monitoring
measurements/systens, (b) methods, and (c) estimating procedures and (d) the basis for
implementing these methods,

2. IN RETRIEVAL START DATES Acce
Add strike
Completion date as specified in the Decree, Appendi B. Project B-1 is 9/30/2014.

3 Entries in red added by WRPS for clarity.
Add to section 3.0 the bold sections below:

If required to meet the tank residual waste conditions in the Decree, the second
technology for C-102, C-104, C-108 or C112 will be a chemical retrieval process.
(A)Should the chemical retrieval process as the second technology not be the (A) A

redliri
preferred method when the primary technology has been deployed to its limits, a
TWRWP change will be made to seek approval for the different technology.

(JThis chemical retrieval process is considered to be a series of steps designed to
remove as much waste as possible. The steps, in part, are determined by the
remaining waste volume and physical and chemical composition. The chemical
retrieval process will include one or more steps until the limit of technolovs fir

he hemi, l r I + -I *-- R as en r ed.

Ecology will be informed of the pre-retrieval estimated volume of liquids to be added
to the tank prior to the initial additions.

(C)The limit of technology for the chemical retrieval process will follow the Decree

2. Review No.

4. Page 6 of I

Disposition (Provide justcation if
NOT accepted-)

pted but modified. See redline

out page 2- 1,

cceptcd but modified. See
e strikeout section 33 page

(B) Accepted but modified. see
redline strikeout section 3.1.A,
page 3-16.

(C) Accepted see redline strikeout

A-e40-090.1 (03/99

16.
Status

Closed

-O

1 )

1 )

C;

-4

(page 37) definition:
"The 'limits of technology' means that the recovery rate of that retrieval
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REVIEW COMMENT RECORD (RCR)
13 Project No, N/A

2. Review No.

4. Page 7 of I I

12 Item 13. Comment(s)/Discrepancy(s) (Provide technical justification for the comment and detailed recommendation of the 14 Revwr 1. 3sposition (Provide justification if 16
action requred to correctfresolve the discrepancylproblem indicated.) Requred NOT accepted- Status

technology for that tank is, or has become, limited to such an extent that it extends section 3.3 paget15.
the retrieval duration to the point at which continued operation of the retrieval
technolo y is not practicable, with the consideration of Practicability to include
matters such as risk reduction, facilitating tank closures, costs, the potential for
exacerbating leaks, worker safety, and the overall impact on the tank waste
retrieval and treatment mission."

(D)ln addition, in accordance with the Decree, Appendix C, Part 1:
"If the waste residual goal of 360 cubic feet is not achieved using the

established two technologies, an additional retrieval technology established in a
revised TWRWP shall be deployed to the "limits of technology;" provided that
DOE may request that the State agree that DOE may forego implementing a third
retrieval technology if DOE believes implementing such technology is not
practicable under the criteria set forth above [in Appendix C, Part I of Decreel. If
DOE and Ecology are unable to reach agreement, the resolution of the issue of
whether a third retrieval technology shall be deployed shall be resolved through
the dispute resolution process set forth in Section IX of this Decree."

The primary technology for C- 107 will be sluicing. The second technology will be
high-pressure water spray. Both of these technologies will be deployed via MARS-S.
(E)The MARS-S is a mobile arm capable of rotating and extending in the tank.
The head of the arm is equipped with two technologies (supernate nozzles and
high pressure water spray nozzles) to mobilize the waste and direct it to a pump
for removal.
(F)The MARS-S is designed to implement both the primary and the secondarv
technology without any additional installations. The primary technology is a low
pressure/sluicing vith supernate; the secondary technology is the addition of a
high pressure water spray.
(GiFor determination of "Limit of Technology", data will be used after

I 
I

_I

(D) No change required. This
definition is already included in
redline strikeout section 3.0 page
3-1.

(H) Accepted but modified see
redline siTikeout section 3. 1 ,
page 3-2 and section 30, 3-1.

(F) Accepted but modified. See
redline strikeout section 3,0, page
3-1.

(() Accepted but modified. See
redline strikeo section 3.13

k)

-1
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1. Date 8-4-11 2. Review No.
REVIEW COMMENT RECORD (RCR)

3. Project No, N/A 4 Page 8 of 11

12 nem 13 Comment s)/Discrepancy(s) (Provide technical justification for the comment and detailed recommendation of the 14. Reviewer 15. apositjon (Provide justification i
action required to correct/resolve the discreparicy/problem indicated.) Conurence NOT _ccepted.)

Jimplementation of both of low pressure and high pressure operations (each page 3-15.
technology will not be evaluated for its limit of technology separately).

(H) Accepted, see redlIi ne st ri keo iit
(Hin accordance with the Decree, Part IV, B., 5: "When DOE completes sction s3 r13, page tr
retrieval of waste from a tank covered by this Decree, 1)0E will submit to Ecolo rv
a written certification that DOE has completed retrieval of that tank, For
purposes of this Consent Decree, "complete retrieval" means that retriev al of tank
waste in accordance with Part I of Appendix C and with the retrieval
technology/systems that were established by Part 1 of the TWRWP either by
approval of Ecology or after dispute resolution by the Court under Section IX of
the Decree."
Add to section 3.1.3

Ecology is notified when it appears that the limits of technology have been
reached.

IN TECHNOLOGIES CONSIDERED AND RATIONALE FOR SELECTION
Candidate waste retrieval technologies currently available for deployment at tanks C-
102. C-104, C-107, C-108, and C-112 are (1) modified sluicing, (2) the mobile
retrieval system. and (3) the MARS.

Consider:
At this location in the report, clarify what technologies will be used for each tanks and
why they were selected for each tank.

IN TECHNOLOGIES CONSIDERED AND RATIONALE FOR SELECTION
The second technology alternatives, should one be required for residual waste removal
following modified sluicing. are an in-tank vehicle and chemical dissolution.

Consider in adding clarification on chemical technology vs. chemical retrieval process
and/or chemical dissolution.

redline strikeout section 3-1-3,
page 3-15.

Status

Closed

Closed
No change required. See redlinc
strikeout section 3.3 paragraph 6
otn page 3-24.

Accepted but modified. See Closed
redlines strikeout section 33, page
3-24.

-o

50

C;

-4
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REVIEW COMMENT RECORD (RCR)

12, Item 13. Comment(s)/Discrepancy(s) (Provide technical justification for the comment and detailed recommendation of the
action required to correct/resolve the discrepancylproblem indicated)

For example in the locations highlighted in yellow:

Chemical retrieval process is preferable for heels where the volume is relatively low so
the impact on DST space and the WIT throughput volume is less. The chemical
retrieval process may also be preferable if the particles are small because the surface
area for dissolution is greater and an in-tank vehicle may just push the fine particles
around the tank

The chemical retrieval process was selected as the second technology for C-104 and
C-108 as it can be deployed in less time than an in-tank vehicle and because it is
believed the estimated residual heel volume could be chemically reduced to below 360
ft3 without causing a significant impact to the available DST space or the WTP
throughput volume.

The chemical retrieval process was selected as the second technology for C-102 and
C- 112 as it can be deployed in less time than an in-tank vehicle when the primary
technology is no longer effective and the tank residual waste volume in the Decree is
exceeded.

IN TECHNOLOGIES CONSIDERED AND RATIONALE FOR SELECTION
Add:
The primary and second technologies have been selected based on the anticipated
success of reaching their "limits of technology" in an effort to obtain a w aste
residue goal of 360 cubic feet of waste or less for each tank, as defined in the
Decree (page 37): definition:

"The 'limits of technology' means that the recovery rate of that retrieval
technology for that tank is, or has become, limited to such an extent that it extends
the retrieval duration to the point at which continued operation of the retrieval
technology is not practicahle, with the consideration of practicability to include
matters such as risk reduction, facilitating tank closures, costs, the potential for
exacerbating leaks, worker safety, and the overall impact on the tank waste

1. Date 8-4-11

3 Project No. N/A

14. Reviewer
C~oncurrence

Required

2. Review No.

4 Page 9 of I I

15- Disposition (Provide justification if
NOT accepted)

Accepted but modified. See
redline strikeout section 3.3, page
3-25.A reference to section 3.1.3
and the limit of technology
definition is made rather than
repeating the limit oftechnolugy
definition.

A-640-t90 1 (03/99)

7.

1
Status

closed
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1. Date 8-4-11 2 Review No.
REVIEW COMMENT RECORD (RCR)

3- Proect No N/A 4. Page 10 of I I

13. Comment(s)1Discrepancy(s) (Provide technical justiication for the comment and detailed reconrnendation of the 14, Reviewer 15. Disposition (Provide justification ifaction required to correct/resolve the diserepancylproblem indicated. }Cone ce NOT accepted.)
___________________ _______________________Required

retrieval and treatment mission."

IN ANTICIPATED PERFORMANCE GOALS Accepted, but modified. See
add bold highlighted words: redline strikeout section 3.4, page

h WI 3-25
t Jr tLn S C-102, C- 1I04, C-1 07, C-108, and C-i 12 win be desiged to

deploy the selected technologies to each of their "limits of teshnology" in an effort
to obtain a waste residue aoal of 360 cubic feet of waste or less for each tank. The
limit of technology will follow the Decree (page 37).in accordance with the

12 Item

9.

WAC The WRS
173-303 shall
Decree provide

the ability
to retrieve
a waste
residue coal
of 360
cubic feet of
waste or
less for
each tank.

L..

redline strikeout section 36, page
3-26.

Status

Closed

modified. See Closed

Final Notes
Based on modification notice 2011-02 Ecology additional requirements (section 11) the following changes were made:

* Retrieval start dates were updated in section 2.1
" The references to RPP-21753 were deleted in sections 7.1.1.2 and 7.1.3.1 and the appropriate appendices referenced because the

appendices have more current information for retrieval leak concentrations.

A-6400-090.1 (03/9

requirements of the Decree.
In table 3-4, add bold highlighted words:

Remove waste The WRS shall b designed to deplo the selected
from tanks C-102 technoloetes to each of their "limits of
C-104, C-107, technolo v" in an effort to obtain a waste residue
C-108, and C-1 12 gaal of 360 cubic feet of waste or less for each

tank. The limit of technology will follow the
Decree

9
'-'4

'-4
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1. Date 8-4-11 2. Review No
REVIEW COMMENT RECORD (RCR)

3Proqect No. NIA J4. Page I I of I

Correspondenee 0401281 is jointly recognized as 04-1PD-083 Agreement on Content of Tank Waste Retrieval Work Plans.
2 The TOC will continue to inform Ecology of retrieval status as noted in the response to comment I and modification notice additional

requirements.
3. Ecology has acknowledged that the documents identified in response to comment I have been received and do not need to added as an

attachment to this RCR.

A-4400-0901(03t9g)



RPP-22393, Rev 7

The pages attached to Change Notice 2011-02 are omitted here for the sake of brevity. A red-
line strike out document was transmitted to Ecology attached to correspondence 1 1-TF-094.
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RPP-22393, Rev. 7

Office it River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

1, Docttment Title an Nurber: 29 Rev. 5. 241-C-102. 241 -C- 104, 24 1 -C-107. 241-C-1 08
and 241.-C-1 12 Tanks Waste Retrieval Work Plan
2. Minor Field hane: 3. Document Issue Date: 5. Notice Number: 2011-3
(Section 12.4 H FFACO Action

ino) 11/30/10
I Yes: vins SIinalurc Only -
A!tach signed Turi 10 i'ri mar
Document for record nurposcit

X No: Proceed o Bx 3

6.
Do proposed changes
require schedule changes?
(Would this extend
compniction of retrieval

4. Document Modification
Notice Date: 8/2/1

7.
Do proposed changes include
specific additions. deletions, or
modification to scope and/or
requ iremen s whicoh a flfet i he

8. (Check only one box)
Significant Mcditication

(Check ifd he answer to question in either
section 6 or 7 is -yes'. Sieniant
modifications reqgirc rvision ifthe primary

Ioilto documenat)nurmet wic flei h
beyond 12 months f1c overall intent of the plan? "orMoif
date of initiation? Minor Modiication

-1 Yes x No X Requires modilication wI the docienct

-r Yes X No x Can be accomplished with Modifiction
_______ __________- ________ ______ Notice.

9. Description and Justification of Change:
Change Desiriptjon: RPP-22393, Rev . Appendix C, uses an AN-106 supernate n-irite concentration
of 2.55 L+ -o Ior a leak during retrieval. This number is increased to 3 2 F+t g,? This 25%
pruporiionahmrfact will he reflected ore Figure C-3, in Table C- I and in Section ('>.
Justification: The current concentration assumes the C-108 heel is retrieved into AN- 106 before C-107
retrieval. Recent schedule changes now show C-107 retrieval may precede C-108 retrieval, Without the
C-108 liquid addition to AN-106 the higher current AN-100 nitrite concentration is conservativelv
assumed for a leak.

10. Impact of Change:
None.

11 Additional Requirements and or Provisions :

A pp rova Is

Washington River Protection Office of River Protection State of Wash.. Dept. of oey
Solutions, ILC.
L Provisional Approval : Provisional Approval i- Provisional App

Date Pate Date
L-Final Appro - inal ApprpvAl Final Approvalq-

Date Date { Date

For use by Ecology to identify any additional information needed to make a decision regarding the request hir modifications, In
addition, Ecology will identify actions, if any. regarding the modification request ttat Diort may ake pending Ecology's final decision
2 - Provisional appi-oval allows DoE and it's contractors to take specific actions identilied in section I1, prior to Final approval othis
modlication.

G-140
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RPP-22393, Rev. 7

Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

1. Document Title and Number: RPP-22393. Rev. 5, 241-C-102, 241-C-104, 241-C-107, 241-C-108
and 241-C-112 Tanks Waste Retrieval Work Plan
2. Minor Field Change: 3. Document Issue Date: . Notice Number: 201 1-5
(Section 124 HFFACO Action
Plan) 11/30/10
- Yes: (WRPS Signature Only -

Attach signcd form to Primary
Document fer record purpses) 4. Document Modification

Notice Date: 9/27/11
x No: Proceod to Box 3

6.
Do proposed changes
require schedule changes?
(Would this extend
completion of retrieval
beyond 12 months from
date of initiation?)

3 Yes x No

7.
Do prop
specific
rmodi Fic
requiren
overall i

C Yes

8. (Cheek only one box)
osed changes include z Significant Modification
additions, deletions, or (Check if the answer to question in either
ution to scope and/or section 6 or 7 is "yes". Significat
ents which affect the modifications raquire revision of toe primary

nitent of the plan? cootiacttt.)
Minor Modification

x No X Requires modification of the document

x Can be accomplished with Modificadon
Notice.

9. Description and Justification of Change:
Change Description: Delete existing words on limit of technology in RPP-22393, Rev 5, Section 3.1.3
as shown on attached redline-strikeout pages and insert new limit of technology words as shown. Revise
references section of document accordingly.
Justification: The wording changes on the attached redline-strkeout pages were agreed to in a meeting
between DOE and Ecology on 10/5/1 1. On 9/27/11 Ecology verbally agreed to accept a 0.6 volume
percent waste concentration in the waste slurry stream as the limit of technology for modified sluicing.
This value was derived in a white paper provided to Ecology in 2010. It was agreed to by Ecology,
DOE, and the TOC in the same meeting on 9/27/i that this white paper should be issued as a
referenceable document and that the TWRWP would be revised to refer to this document as the basis for
a modified sluicing limit of technology. Subsequent to this agreement, at the 9/27/11 TPA Project
Managers' Meeting, Ecology reiterated this agreement for the Administrative Record.
10. lmpact of Change:
None.

11. Additional Requirements and/or Provisions : a

Approvals

Washington River Protection Office of River Protection State of Wash., Dept. of Ecology
Solutions. LLC.

0 Provisional Approval2  D Provisional Approval Proaisio pproval
Date Date T Date

F inal Approva I:. Final Approva , Final Approval
Date t/b / Date - Date /t'-I4

Notes
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RPP-22393, Rev. 7

Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Modification Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

- For use by Ecology to identify any additional information needed to make a decision regarding the request for modifications. In
addition, Ecology will identify actions, if any, regarding the modification request that DOE may take pending Ecology's final decision
2 - Provisional approval allows DOE and it's contractors to take specific actions identified in section 11, prior to inal approval of this
modification.
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RPP-22393, Rev. 7

Below is the revision to section 9 of the modification notice provided by Ecology.

RPP-22393, Rev. 5, 241-C-102, 241-C-104, 241-C-107, 241-C-108 and 241-C-112 Tanks
Waste Retrieval Work Plan

Notice Number: 2011-5
October 13, 2011

9. Description and Justification of Chant
Change Description: Delete existing words on limit of technology in RPP-22393, Rev ,
Section 31.3 as shown on attached redlinc strikeout pages and insert new limit of technology
words as shown. Revise references section of document accordingly.
Justification: The wording changes on the attached redline-strikeout pages were agreed to in a
meeting between D017 and Ecology on 10/5/11 On 9/27/11 Ecology verbally agreed to accept a
0.6 volume percent waste concentration in the waste slurry stream as the limit of technology for
modified sluicing. This value was derived in a white paper provided to Ecology in 2010.
Ecology emphasized the need to complete an evaluation of risk associated with the
remaining waste to improve our understanding of when to stop the selected retrieval
technolota. Until an evaluation of risk is available, it was agreed to by Ecology, DOE, and
the LOC in the same meeting on 9/27/11 that this white paper should be issued as a referenceable
document and that the TWRWP would be revised to refer to this document as the basis for a
modified sluicing limit of techlology. Subsequent to this agreement, at the 9/27/11 TPA Project
Managers' Meeting, Ecology reiterated this agreement for the Administrative Record.
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of these occur and the waste not breakup effectively when hit with solution from the sluicing
nozzles, adding liquid to the waste surface may be tried to soften it for retrievaL Liquid breaks
down the bonds in dried out waste or dissolves most salt crystals. The supernate used will not be
saturated at the start of retrieval in a tank and thus will be expected to dissolve such salts or
break the crystal structure down sufficiently to permit retrieval.

The volume of free liquid added to soften any waste would be minimized by keeping the free
liquid height above the waste to as small as practical. Any free liquid added beyond this would
provide little benefit. The time period needed to softer the waste is unknown, but would not be
expected to be more than a few hours to a few days.

Pumping during sluicing will maintain minimum liquid volume in the tanks. This will be
performed by initially directing the nozzle flow towards the center of the tanks. As the sluice
liquid contacts the tank waste, the sludge will be mobilized and retrieved via the slurry pumps.
Typically. one sluicer will be operated at a titne operating at a flow rate of approximately 60 to
120 gal/min.

When needed, the in-tank vehicle will be lowered through a riser to the tank bottom. It will be
moved about the tank with the blade employed as needed to push waste towards the pump inlet.
The high pressure water nozzles will be used as needed to break up and mobilize the waste. The
vehicle tracks may also break up some of the waste agglomerations.

During all field activities, standard operating procedures and safety precautions will be
implemented to protect worker health and safety, the public, and the environment. In accordance
with standard operating procedures, health physics and industrial health technicians will monitor
conditions within the tank farm in accordance with approved monitoring plans.

When the level of residual solids gets low in the tank, the volume of solids removed per unit
volume of sluicing fluid removed from the tank will be tracked. The units used will be selected
by engineering personnel. Waste retrieval operations will continue tl~in an e ffort to obtain the
goal of 360W or less than-6-f 3 of residual waste i'emains-in the tank, and/or the limits of
technology have been reached for this retrieval method. The4imit-ef4eelne-legy-will oeeun-wheA
thereaei beigemoved peri-toue-osluicing-fiuid-used-The
project will determine when a tank retrieval is completeby following the Consent Decree
requirements stating "that the recovery rate of that retrieval technology for that tank is, or has
become, limited to such an extent that it extends the retrieval duration to the point at which
continued operation of the retrieval technology is not practicable, with the consideration of
practicability to include matters such as risk reduction, facilitating tank closures, costs, the
potential for exacerbating leaks, worker safety and the overall impact on the tank waste retrieval
and treatment mission."

Until a risk evaluation is available, the limit of technology for modified sluicing is defined in
RPP-5091 0, Single-Shell Tank Waste Retrieval Limit of Technology Dfin tion jor Modified
Sluicing as when the concentration of SST waste in the retrieved slurry sent to the DST is within,
or bracketing, the range of 0 to 0.6 volume percent.
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There is no limit of technology definition for a MARS-S waste retrieval process, A limit of
technology definition will not be developed until sufficient MARS-S retrieval operations have
been performed to enable development of a justifiable definition. Until a MARS-S limit of
technology dcfinition is developed the same value used for modified sluicing in RPP-50910 is
applied to MARS-S retrieval operations.

There is no limit of technology definition for a chemical retrieval process. A limit of technology
definition will not be developed until sufficient chemical heel retrieval operations have been
performed to enable development of a justifiable definition, It is estimated that this will take 3 to
4 heel retrieval operatious.

The-following inforai ill laateter-nition oretrevalad-ill be shared
with-EPeolgybefere-a -decseaa)termati field- retieval Aeti4ie

.-System pertrxmanee-and effilecey-data

ntak suakeenflrmation-of-tank-eondtion-and waSte retieval

to-e ee-reteval-perr-manee

- Pres entation -and distussien of rsda a ekain

TFG iNE; G! 114- P 17, Single- Shell hurk-Ree-l CbnllnEarain rovides-the
mehedelk-gy- --lbl&ow-for-deegoing waste-retrieval-hasreached the

endofthererivalprces. elowingisa ummary-of-this-procedure-TkPnwayeoestet

4atest-version-ef-the-preeedm'eshe-preeriure-Iakes-precedence.-Pefer-t4F-ThGJN-Gl-IM-P-
47-forAetails-Pffi-emmw-steps-

When-waste-mrrieval s-persaafe!-wieg in -rakietneval-perflepe
pereenof-wasteretrieved)-nl-prvideweeldy-statusreport- -Weey a iin-wilt
be forezuded to on retrieval etiviti including residual-vemeestimates
and pertferanee-parametero-Eeolog4wilkhe-lvwte4-o viewwa idee
images of the in tank operationsi.

i'ngineerig-shall ree-e ration er-procedure-ehanges-te-enhafee-reeovery-as

startin;-ret++evalperkrnaee-

An ttaehment<o he-proeetdreprvide§-guidanee-fe-etrievaperfesnmnee-an4imi-ef
teekselegy-ev'aluafios.-Establishment-f-when the limis-efteeheelegyhiwe-been-reaehed

-b Exrninatin of in tain; images to obser reed-wasteenteurs-an-eharaeteristies
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#-----Ptirnsio ofwast reriealpefonane effciecy n aRM rnam-Waste--Volute

--- Using-permanee-daltaMtemanetrate that a-ecniatent-attem&-present-ndioatng
Ifrs-e-teehselegy-hve-een-seaehe4

& Evaluation r i-per rmanee- staysterlimies

Ecology is netifiinformed when it appears that the limits of technology have been reached.
Status reports are continued until waste retrieval operations cease. An SST waste retrieval
evaluation form and a retrieval report are then prepared and issued.

Following completion of waste retrieval and final tank flushing, the residual waste volume will
be determined using the methodology defined in RPP-23403, Single-Shell Tank Component
Closure Data Quality Objeci ves. and RPP-PLAN-23 827, Sampling and Analysis Plan for
Single-Shell Tanks Component Closure.

3.2 LIQUID ADDITIONS DURING WASTE RETRIEVAL

Supernate from DST AN-1 01, AN-106, or AZ-101 will be introduced to tanks C- 102, C-104,
C-107, C-108, and C-112 to mobilize sludge. Supemate will be added at a rate of approximately
60 (or less) to 120 gal/lmi. The retrieval liquid, along with tank solids, will be removed from
these tanks at approximately the same rate. Utilizing recycled supernate to retrieve the waste
from the tanks will minimize [lie overall volume of waste generated during the waste retrieval
process. The modified sludge sluicing process will minimize the volume of liquid in tile SST
during waste retrieval operations.

The use of supernate will be limited by the following:

I. The waste compatibility assessment for supernae recycle will be completed and reported
to Ecology. This compatibility assessment shall be made to determine if the solution is
acceptable for use in retrieving the SST solids. Ecology will be notified of the results of
this assessment, before initiation of retrieval operations. Following notification of the
results of this assessment, a copy of the assessment report shall be provided to Ecology

2. Submittal of a retrieval data report, as described in the IIFFACO Action Plan,
Appendix I, Section 2.0, Figure -1, 120 days following DOE's completion of retrieval
actions for each tank. That report shall include a review of the efficiency and
performance of the in-tank settling of the retrieved solids in the receiving DST, an
estimate of the amount of solids that were recycled during waste retrieval, and the
impacts those solids have on removing additional solids from the SSTs.

3. Should the SST be shown to leak during the retrieval process, a liquid sample will be
taken if needed to verify the "Tc concentration in the DST supernate used for sluicing.
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Change Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

1212018f-

1. Document Title and Number: RPP-22393, Rev. 6,241-C-102, 241--C04, 241-C-l7, 241-C-lO87
and 241-C-112 Tanks Waste Retrieval Work Plan I

2. Minor Fie
(Section 12.4 H
Nlan)

2 Yes: (wRP
Attach signcd for
Docuen it fo r rec

x NO: Prucced

6.
Do proposed
require sched
(Would this e
completion o
beyond 12 m

ld Change: 3. Document Issue Date: 5. Notike Number: 2012-02
FFACO Action

11/30/11!
S Signature Only -

mn ii P ri nary F
or purposes) j4. Document Modification FEB IS 2012

Notice Date: 2/13/12

7. 8 (Check only one box')
changes Do proposed changes include 0 Significant Modification
tile changes? specific additions, deletions, or (Check if the answer to quesrion in either
xtend modification to scope and/or section 6 or 7 is "yes Significant
f retrieval requirernents which affect the todifications require revision of the primary

documnent.)onths from overall intent of the plan? dc Am ;d.
date of initiation?) Lor o ch t I

n Yes x No X Requires modification of the docunenj

E Yes X No X Can be accomplished with Modification
___ _ _ __ _ _ _ __ _ _ _ _No: ice.

9. Description and Justification of Change:

Change Description: A change is needed to redUce the volume of rinse water required aller retrieval
that does not use supernate. Other minor updates are included to provide consistency with other
TWRWPs

Justifications:

* 3.1.3 clarified that softening pre-soaks may be a few days or longer.
* Section 3.2 added a clarification to allow for reducing heel rinse volumes.
* Section 4.6.1 clarified that liquid inventories will be removed during sluicing operations.
See the attached redline strikeout

10. Impact of Change:

The change allows the 'lank Operations Contractor to conserve double shell tank space for other
retrieval activities. After sluicineg with supernate was discontinued in C-108 there was a 6,800 gallon
heel. The TWRWP currently requires that a tank heel with residual supernate be rinsed with 3 heel
volumes 3 times: which for C-108 would require 9 X 6,800 = 61.200 gallons. A comparable rinse of the
heel has been done in C-108 already since using supernate. Approximately 12.500 gallons of water was
used to flush equipment and rinse the sodium from the heel Approximately 78,300 gallons was used for
natrophosphate dissolution. Another 20.000 gallons of non-supernate (sodium hydroxide and water) will
be used for gibbsite dissolution. The soluble supernate constituents will be rinsed from the heel with
more volume than the prescribed triple rinse.
I1. Additi onal Reqirements and/or Prov si s :

1 49 ate
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to M A- rt

G-147



RPP-22393, Rev. 7

Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions anti Requirements Change Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

_________________________________Approvals ____ __________________

Washington Ri Protcctl - Office of River Protection State of Wash.. Dept. of Ecology
Solutions, LLC.

n Pro1Isivisional Approalisional Approval Provisional ApprovaI2
Date Date Date

Vfinal Approval y Final A proval -F ktinal Approval
Date q /> Date Date Z-

Notes
I - For use by Ecology to identify any additional information needed to make a d for modfications in
addition. Ecology will identify actions, if any, regarding the modification request that DOE may take pending Ecology's final decision
2 - Provisional approval allows DOE and it's contractors to take specific actions identified in section I1, prior to final approval of this
modification.
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could also be held together with salt crystals from supernate that had evaporated. Should either
of these occur and the waste not breakup effectively when hit with solution from the sluicing
nozzles, adding liquid to the waste surface may be tried to soften it for retrieval. Liquid breaks
down the bonds in dried out waste or dissolves most salt crystals. The supernate used will not be
saturated at the start of retrieval in a tank and thus will be expected to dissolve such salts or
break the crystal structure down sufficiently to permit retrieval.

The volume of free liquid added to soften any waste would be minimized by keeping the free
liquid height above the waste to as small as practical. Any free liquid added beyond this would
provide little benefit. The time period needed to soften the waste is unknownr; but would not be
expeeted-to be more than a few hours it is expected to be a few days or longer.

Pumping during sluicing will maintain minimum liquid volume in the tanks. This will be
performed by initially directing the nozzle flow towards the center of the tanks. As the sluice
liquid contacts the tank waste, the sludge will be mobilized and retrieved via the slurry pumps.
Typically, one sluicer will be operated at a time operating at a flow rate of approximately 60 to
120 gal/min,

During all field activities, standard operating procedures and safety precautions will be
implemented to protect worker health and safety, the public, and the environment. In accordance
with standard operating procedures, health physics and industrial health technicians will monitor
conditions within the tank farm in accordance with approved monitoring plans.

When the level of residual solids gets low in the tank, the volume of solids removed per unit
volume of sluicing fluid removed from the tank will be tracked. The units used will be selected
by engineering personnel Waste retrieval operations will continue in an effort to obtain the goal
of 360 ft or less of residual waste remains in the tank, and/or the limits of technology have been
reached for this retrieval method. The project will determine when a tank retrieval is complete
by following the Consent Decree requirements stating "that the recovery rate of that retrieval
technology for that tank is, or has become, limited to such an extent that it extends the retrieval
duration to the point at which continued operation of the retrieval technology is not practicable,
with the consideration of practicability to include matters such as risk reduction, facilitating tank
closures, cost, the potential for exacerbating leaks, worker safety and the overall impact on the
tank waste retrieval and treatment mission."

Until a risk evaluation is available, the limit of technology for modified sluicing is defined in
RPP-50910, Single-Shell Tank Waste Retrieval Limit of Technology Definitionfor Modified
Sluicing as when the concentration of SST waste in the retievaed slurry sent to the DST is within,
or bracketing, the range of 0 to 0.6 volume percent.

There is no limit of technology definition for a MARS-S waste retrieval process. A limit of
technology definition will not be developed until sufficient MARS-S retrieval operations have
been performed to enable development of ajustifiable definition. Until a MARS-S limit of
technology definition is developed the same value used for modified sluicing in RPP-5091 0 is
applied to MARS-S retrieval operations.
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this assessment, before initiation of retrieval operations and a copy of the assessment
report shall be provided to Ecology

2. Submittal of a retrieval data report, as described in the HFFACO Action Plan,
Appendix I, Section 2.0, Figure 1-1, 120 days following DOE's completion of retrieval
actions for each tank. That report shall include a review of the efficiency and
performance of the in-tank settling of the retrieved solids in the receiving DST, an
estimate of the amount of solids that were recycled during waste retrieval, and the
impacts those solids have on removing additional solids from the SSTs.

3. Should the SST be shown to leak during the retrieval process, a liquid sample will be
taken if needed to verify the 99Tc concentration in the DS 1supernate used for sluicing.

4. Should a DST sample be required during the C-102, C-104, C- 107 or C- 112 retrieval
process for corrosion control or other reasons, a 99Tc analysis will be requested on the
sample. A DST sample has already been obtained during the C-108 retrieval process.

5. Ecology will be informed by email when the cumulative volume of supernate liquid
being recycled exceeds the estimated quantity of 1 million gal., and for each incremental
1 million gal. recycled.

6. Following the use of supernate, a minimum of three tank hcel rinses using a minimum
volume of raw water that is three times the estimated residual waste volume will he
required to ensure that residual waste is removed to the extent practical. If the TOC
shows that a comparable reduction in soluble supernate constituents has been
accomplished through other retrieval actions, the rinse may be omitted.

When adding liquid to the SST for the sole purpose of obtaining a waste level measurement, the
following conditions apply:

I. The HRR leak detection system for the tank described in Section 4.2.1 must be
continuously operable for at least 48 hours prior to the liquid addition.

2. The benchmark level described in Section 4.6.1 will not be exceeded during the liquid
addition.

3. Excess liquid will be removed from the tank as soon as practical once a usable waste
level measurement is obtained.

4. The liquid to be used for volume displacement measurement should only be supernate.
Use of raw water for volurne displacement instead of or in addition to supernate shall be
discussed with Ecology prior to use.

A process flowsheet has been prepared for the C farm 100-series tanks (RPP-21753, C Farm
100-Series Tanks, Retrieval Process Flowsheet Description). The calculations performed in
support of the flowsheet assume that the retrieved solids are about 3 vol% in the slurry
transferred to the receiving DST. The waste retrieval process flowsheet estimate of the total
liquid volume transferred during the sluicing of each tank is provided in Table 3-2. In addition,
the flowsheet allocates a nominal 105,000 gal. of water for tank and equipment flushing during
each tank's waste retrieval operations. Following the initiation of C-104 active retrieval
operations, solutions currently contained in the CR vault sumps for Cells 1, 2, 3, and 11, and line
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4.6 MITIGATION STRATEGY

Mitigation strategy including a response plan to a detected leak (identify responses to
various leak rates) including notifications and provisions for obtaining approval of any
remedial actions.

4.6.1 Leak Mitigation for Waste Retrieval Tank Leak

The leak mitigation strategy (i.e., reduction of leak loss potential) is to minimize the liquid
volume within the tank during waste retrieval operations. Leak minimization for a waste
retrieval tank leak will be provided by actions taken during waste retrieval. These include the
following:

* The in-tank liquid inventory during waste retrieval will be less than liquid level present in the
tank before interim stabilization activities were undertaken.

* Addition of liquid to the retrieval tank is minimized and liquid pools that form are removed
as practical.

* Liquid inventories during sluicing retrieval operations will be removed between waste
retrieval campaigns. Liquid inventories during icel removal operations will be maintained to
the limits specified in the process control plan.

* Waste is retrieved to the extent practical by working from the center of the tank outwards.

* Evaluating HRR system data as specified in Section 4.2.1.3.

* Equipment handling controls are used to minimize the potential for dropping equipment into
the tank, which could penetrate the tank bottom during installation.

* Maintaining a benchmark level in the tank. The waste level shall not exceed this benchmark.
The benchmark level is defined in the process control plan.

If there is a need to operate the system longer than currently planned to demonstrate the limit of
the technology to recover waste that is difficult to retrieve, the basic leak minimization step is
still to limit the volume of any free liquid in the tank.

The 'timeliness' of any leak response action is dictated in part by how often the HRR data (or
drywell monitoring data when used as a backup means of leak detection), are reviewed. Until a
potential leak is noted there is no leak response, only the steps enumerated above to minimize the
leak potential and leak volume. Anomalies noted during HRR data review are evaluated for leak
potential. When this data review indicates an unexplained anomaly exists that may be caused by
a potential tank leak, all liquid additions to the tank are stopped and the leak assessment process
is begun.

The leak assessment process steps are:
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1214393
Office of River Protection, State of Washington Department of Ecology

Tank Waste Retrieval Work Plan/Functions and Requirements Change Notice
(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

1. Document Title and Number: RPP-22393, Rev. 6, 241-C-102, 241-C-104, 241-C-107, 241-C-108,
and 241-C-1i12 Tanks Waste Retrieval Work Plan

2 Minor Field Change:
(Section 12.4 FFFACO Action
Plan)

0 Yes: (WRPS Signature Only -
Attch signed Forni In, Primary
Docunent for record purpos)

x No: Proceed to Box 3

6.
Do proposed changes
require schedule changes?
(Would this extend
completion of retrieval
beyond 12 months from
date of initiation?)

O Yes X No

1 3. Document Issue Date: 15. Notice Number: 2012-03

11/30/11

4. Document Modification
Notice Date: 4/16/12

7.
Do proposed changes include
specific additions, deletions, or
modification to scope and/or
requirements which affect the
overall intent of the plan?

o Yes x No

9. Description and Justification of Change:

8. (Check only one box)

D Significant Modification
(Check if the answer to question in eilher
section 6 or 7 is "yes". Significant
niodifications require revision of the primary
documnent.)

Minor Modification
X Requires modification of the document

x Can be accomplished with Modification
Notice.

Change Description: A change is needed to identify the tank 241 -C-102 will be retrieved into. Tank
241-AN- 101 will be used as the supernate supply and receiver tank for sluicing 241-C- 102 rather than
241-AZ-101. The groundwater risk calculations will be updated prior to the start of 241-C-102 retrieval
after the 241-AN-I 01 constituents of concern are updated with mass of the constituents of concern from
tanks that will be retrieved before 241-C-102.

Justifications:

* Section 3.1.1, changed Figure 3-1 to show 241-C-102 being retrieved into 241-AN-101.

* Section 3.1.3, pg 3-14-- corrected a typo adding the word "when."

* Section 3.1.4, pg 3-13-corrected a typo to spell retrieved correctly.

* Section 3.2, pg 3-16-updated the timing for submitting the retrieval data report.

* Section 3.4, pg 3-23-corrected the reference from Table 3-3 to Table 3-2.

* Section 3.8, pg 3-27 - updated reference

* Section 3.10 pgs 3-28 and 3-29-updated references

* Section 4.2.1.2, pg 4-12-added previously approved updates for ENRAF method of leak detection

* Section 4.6.1, pg 4-22 - -added previously approved clarification for minimizing volume in the SST

* Section 9-updated references

See the attached redline strikeout
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Change Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

10. Impact of Change:

The change allows the Tank Operations Contractor to align the TWRWP with the most up to date
retrieval plan with sufficient time to obtain EPA approval.
11. Additional Requirements and/or Provisions':

Anprovals

Washington Rh r Pr t ti Office of River Protection S of o I., Dept. of Ecology
Solutions, LLCL

o Provisional Approval' E Provisional Approval 2  J'Provisinal Approval'
Date Date Date

N Final Approval l Final Approval F~inal Approval
Date S _____ Date 5 - f ate -3 --2

Notes
I - For use by Ecology to identify any additional information needed to make a decision regarding the request for modifications. In
addition, Ecology will identify actions, if any, regarding the modification request that DOE may take pending Ecology's final decision
2 - Provisional approval allows DOE and it's contractors to take specific actions identified in section I1, prior to final approval of this
modification.

G-153



RPP-22393, Rev. 7

RPP-22393, Rev. 6

3.1.1 Physical System Description

The WRS will consist of a modified sludge sluicing system to mobilize and retrieve waste from
tanks C-102, C-104, C-108, and C-l 12. The sluicing system will consist of two (or more) sluice
nozzles and a slurry pump in each tank. The sluice nozzles or hydraulic sluicers will be
controlled from a control trailer located near the tanks. The sluice nozzles will be installed in
existing tank risers. The sluice nozzles will have the capability to direct liquid at various
locations in the tanks. The flow rate through the sluice nozzles will be adjusted based on the
pump-out rate so that the rate of liquid introduction will approximately equal the rate of solution
removal with the objective of minimizing the liquid waste volume in the retrieval tank.

The WRS for tank C-107 will be the Mobile Arm Retrieval System-Sluicing (MARS-S).
Standard modified sluicing is maintained as an alternate WRS for C-107 in the event this first
deployment of the MARS-S has to be halted. The MARS-S sluicing process consists of an
extendable robotic arm suspended from a large central riser added to the tank and serves as the
deployment platform for two separate retrieval technologies. The MARS-S is a mobile arm
capable of rotating and extending in the tank. The system is equipped with two technologies to
mobilize the waste and direct it to a pump for removal. For one technology, the end of the arm is
equipped with sluice nozzles that direct supernate and/or water onto the waste surface from a
short distance away, and directs the mobilized waste slurry backwards to a slurry pump. A
second technology provided by the MARS-S is the addition of high pressure water spray nozzles
that serve to break up hard waste agglomerations and direct them to the slurry pump. The slurry
pump may use a backstop that can capture the slurry waste and is equipped with more supernate
and water nozzles to further break the waste up for removal by the pump.

The waste retrieved from tanks C-102, C-104, C-107, C-108, and C-i 12 will be transferred to a
DST. To minimize the overall volume of waste requiring storage in the DST system, the waste
retrieval project plans to use DST supernate as the primary sluice liquid (see Section 3.1.2 for
operating description). The WRS will also have the capability to use raw water for sluicing with
valving change or minor modifications.

The waste retrieval plan as of October 2010 for using DSTs for waste receipt and as source tanks
for supernate recycle is shown in Figure 3-1. The DSTs were selected based on their location,
available space, and existing or planned equipment upgrades. Additional detail on the planned
use of supernate during waste retrieval is discussed in Section 3.2.

Figure 3-1. Waste Retrieval Liquid Supply and
Double-Shell Tank Receiver Tank Designation.

241-AZAN- 241-AN-101 241-AN-tt 241-AN-106 241-AN-101

241-C-102 24-C-1t4 24-C-it7 241-C-108 241-C-112
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could also be held together with salt crystals from supernate that had evaporated. Should either
of these occur and the waste not breakup effectively when hit with solution from the sluicing
nozzles, adding liquid to the waste surface may be tried to soften it for retrieval. Liquid breaks
down the bonds in dried out waste or dissolves most salt crystals. The supernate used will not be
saturated at the start of retrieval in a tank and thus will be expected to dissolve such salts or
break the crystal structure down sufficiently to permit retrieval.

The volume of free liquid added to soften any waste would be minimized by keeping the free
liquid height above the waste to as small as practical. Any free liquid added beyond this would
provide little benefit. The time period needed to soften the waste is unknown; it is expected to
be a few days or longer.

Pumping during sluicing will maintain minimum liquid volume in the tanks. This will be
performed by initially directing the nozzle flow towards the center of the tanks. As the sluice
liquid contacts the tank waste, the sludge will be mobilized and retrieved via the slurry pumps.
Typically, one sluicer will be operated at a time operating at a flow rate of approximately 60 to
120 gal/min.

During all field activities, standard operating procedures and safety precautions will be
implemented to protect worker health and safety, the public, and the environment. In accordance
with standard operating procedures, health physics and industrial health technicians will monitor
conditions within the tank farm in accordance with approved monitoring plans.

When the level of residual solids gets low in the tank, the volume of solids removed per unit
volume of sluicing fluid removed from the tank will be tracked. The units used will be selected
by engineering personnel. Waste retrieval operations will continue in an effort to obtain the goal
of 360 ft3 or less of residual waste remains in the tank, and/or the limits of technology have been
reached for this retrieval method. The project will determine when a tank retrieval is complete
by following the Consent Decree requirements stating "that the recovery rate of that retrieval
technology for that tank is, or has become, limited to such an extent that it extends the retrieval
duration to the point at which continued operation of the retrieval technology is not practicable,
with the consideration of practicability to include matters such as risk reduction, facilitating tank
closures, cost, the potential for exacerbating leaks, worker safety and the overall impact on the
tank waste retrieval and treatment mission."

Until a risk evaluation is available, the limit of technology for modified sluicing is defined in
RPP-50910, Single-Shell Tank Waste Retrieval Limit of Technology Definitionjor Modified
Sluicing as when the concentration of SST waste in the retrievaed slurry sent to the DST is
within, or bracketing, the range of 0 to 0.6 volume percent.

There is no limit of technology definition for a MARS-S waste retrieval process. A limit of
technology definition will not be developed until sufficient MARS-S retrieval operations have
been performed to enable development of a justifiable definition. Until a MARS-S limit of
technology definition is developed the same value used for modified sluicing in RPP-50910 is
applied to MARS-S retrieval operations.
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There is no limit of technology definition for a chemical retrieval process. A limit of technology
definition will not be developed until sufficient chemical heel retrieval operations have been
performed to enable development of ajustifiable definition. It is estimated that this will take 3 to
4 heel retrieval operations.

Appendix C, Part 1 of the Decree defines the limit of technology as follows:

"The "limits of technology" means that the recovery rate of that retrieval
technology for that tank is, or has become, limited to such an extent that it extends
the retrieval duration to the point at which continued operation of the retrieval
technology is not practicable, with consideration of practicability to include
matters such as risk reduction, facilitating tank closures, costs, the potential for
exacerbating leaks, worker safety, and the overall impact on the tank waste
retrieval and treatment missions."

For MARS-S, data for retrieval performance measurement used to show the limits of technology
have been met will be used after implementation of one or both low pressure sluicing and high
pressure water operations (each technology will not be evaluated separately for its limit of
technology).

Ecology is notified in the Tri-Party Agreement project manager's monthly meeting when the
limits of technology have been reached. Status reports are continued until waste retrieval
operations cease. An SST waste retrieval evaluation form and a retrieval report are then
prepared and issued and in accordance with the Decree, Part IV, B. 5:

"When DOE completes retrieval of waste from a tank covered by this Decree, DOE will
submit to Ecology a written certification that DOE has completed retrieval of that tank.
For purposes of this Consent Decree, "complete retrieval" means the retrieval of tank
waste in accordance with Part 1 of Appendix C and with the retrieval technology/systems
that were established by Part 1 of the TWRWP either by approval of Ecology or after
dispute resolution by the Court under Section IX of the Decree."

Following completion of waste retrieval and final tank flushing, the residual waste volume will
be determined using the methodology defined in RPP-23403, Single-Shell Tank Component
Closure Data Quality Objectives, and RPP-PLAN-23827, Sampling and Analysis Plan for
Single-Shell Tanks Component Closure.

3.1.4 Chemical Retrieval Process

Chemical retrieval process details are contained in the process control plan for each tank using a
chemical retrieval process. When samples are available the retrieval process is tested on samples
of tank waste. If hard heel samples are not obtained the hard heel composition is deduced from
tank historical data. The hard heel volume to be treated is normally not known until sluicing
retrieval is complete. The hard heel volume can be determined from visual observation, level
sensors, or liquid displacement using tank level sensors. The composition and volume of the
heel are used to determine the quantity and type of chemicals used for chemical retrieval process.
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this assessment, before initiation of retrieval operations and a copy of the assessment
report shall be provided to Ecology

2. Submittal of a retrieval data report, as described in the HEFACO Aztion Plan,
Appendix I, Section 2.0, Figue I 1, in M-045-86, 120-days months following DOE's
ecrpletien of retrieval aetione fr each tani..rtification to Ecology that retricval is
complete. That report shall include a review of the efficiency and performance of the in-
tank settling of the retrieved solids in the receiving DST, an estimate of the amount of
solids that were recycled during waste retrieval, and the impacts those solids have on
removing additional solids from the SSTs.

3. Should the SST be shown to leak during the retrieval process, a liquid sample will be
taken if needed to verify the 9'Tc concentration in the DST supernate used for sluicing.

4. Should a DST sample be required during the C-102, C-104, C-107 or C-1 12 retrieval
process for corrosion control or other reasons, a "Te analysis will be requested on the
sample. A DST sample has already been obtained during the C-108 retrieval process.

5. Ecology will be informed by email when the cumulative volume of supernate liquid
being recycled exceeds the estimated quantity of I million gal., and for each incremental
I million gal. recycled.

6. Following the use of supernate, a minimum of three tank heel rinses using a minimum
volume of raw water that is three times the estimated residual waste volume will be
required to ensure that residual waste is removed to the extent practical. If the TOC
shows that a comparable reduction in soluble supernate constituents has been
accomplished through other retrieval actions, the rinse may be omitted.

When adding liquid to the SST for the sole purpose of obtaining a waste level measurement, the
following conditions apply:

1. The HRR leak detection system for the tank described in Section 4.2.1 must be
continuously operable for at least 48 hours prior to the liquid addition.

2. The benchmark level described in Section 4.6.1 will not be exceeded during the liquid
addition.

3. Excess liquid will be removed from the tank as soon as practical once a usable waste
level measurement is obtained.

4. The liquid to be used for volume displacement measurement should only be supernate.
Use of raw water for volume displacement instead of or in addition to supernate shall be
discussed with Ecology prior to use.

A process flowsheet has been prepared for the C farm 100-series tanks (RPP-21753, C Farm
100-Series Tanks, Retrieval Process Flowsheet Description). The calculations performed in
support of the flowsheet assume that the retrieved solids are about 3 vol% in the slurry
transferred to the receiving DST. The waste retrieval process flowsheet estimate of the total
liquid volume transferred during the sluicing of each tank is provided in Table 3-2. In addition,
the flowsheet allocates a nominal 105,000 gal. of water for tank and equipment flushing during
each tank's waste retrieval operations. Following the initiation of C-104 active retrieval
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new data is obtained that shows chemical retrieval is not the preferred second technology for
tanks C-104, C-108, C-102, and C-1 12 a TWRWP modification will be made to seek approval
for the preferred technology.

The primary and second technologies selected are anticipated to provide the best methods to
achieve the 360 cubic feet target volume goal specified in the Decree, when deployed to their
"limits of technology." The "limits of technology" as defined in the Decree is noted in section
3.1.3.

3.4 ANTICIPATED PERFORMANCE GOALS

The retrieval technology equipment selected for tanks C-102, C-104, C-107, C-108, and C-1 12
will be designed, operated, and deployed to each of their limits of technology, as defined in this
document, in an effort to obtain a waste residue goal of 360 cubic feet of waste or less for each
tank in accordance with the Decree (see Table 342).

3.5 WASTE RETRIEVAL SYSTEM DIAGRAM

A preliminary diagram of the modified sluicing WRS in-tank components is provided in Figures
3-3 and 3-4. A preliminary diagram of the MARS-S sluicing WRS is provided in Figure 3-5.
As noted in Section 3.1.1, the elevation in the AN tank farm is approximately 22 ft higher than
the elevation in the C tank farm and the elevation in the AZ tank farm is approximately 25 ft
higher than the elevation in the C tank farm.

3.6 WASTE RETRIEVAL SYSTEM FUNCTIONS AND REQUIREMENTS

This section defines the upper-level functions and corresponding requirements to which the tanks
C- 102, C- 104, C- 107, C- 108, and C- 112 WRSs must be designed and operated. This work plan
is not a system specification that defines design criteria for the WRSs. However, the system
specification for the tanks WRSs will be consistent with this work plan. The functions and
requirements are provided in Table 3-3 and are focused on defining the upper-level requirements
for the tanks.
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a tank system in accordance with WAC-173-303-040, "Definitions." The waste tank system
equipment is described in Section 3.1.1.

A written integrity assessment, reviewed and certified by an IQRPE, attesting that the transfer-
related equipment and associated transfer lines are suitable for use during waste retrieval
operations will be prepared in accordance with WAC 173-303-640(3), "Design and Installation
of New Tank Systems or Components," and submitted to Ecology following completion of the
design and field installation of the WRS. This includes verification that the subject equipment
meets the requirements set forth in WAC 173-303-640(3) and WAC 173-303-640(4),
"Containment and Detection of Releases." If additional systems or additional transfer line
systems are used, each system will be evaluated by an IQRPE. The design provided to the
IQRPE for review will include all new or existing transfer systems, structures or components,
including secondary containment (e.g., central caisson if used) and leak detection equipment
used for waste transfer lines.

The requirements for an IQRPE assessment and the permitting decision logic for new equipment
or repairs/upgrades to equipment will be performed in compliance with RPP 46922,

Envt-,:,;cztzlspcifia*r9; Req-ir;-w:2k, latest revision, Sezcn 13.0, IQREE ssersmntw
XJed adPer;ittg Dcia Legi.TFC-ESHQ-FNV PP-C- 11, /QRPE ,lssessment Process
(currently in draft) or successor document.

Risers were reviewed as part of the original SST System Integrity Assessment (RPP-10435).
SST system components (e.g., risers, pits, etc.) that were identified as part of the SST system for
the original Integrity Assessment are not part of the retrieval system (unless specifically
identified as such) and do not require a separate or additional integrity assessment if the function
of the equipment doesn't change from its original purpose (e.g., the original purpose of risers is
to provide tank access) and changes to the component are not outside the original component
design basis and specifications.
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3.9 DISPOSITION OF WASTE RETRIEVAL SYSTEM FOLLOWING WASTE
RETRIEVAL

3.9.1 Disposition of New Waste Retrieval System Components

Following completion of waste retrieval, the modified sluicing in-tank equipment will be left in
place for disposition during component closure actions. The abovegrade modified sluicing
equipment (e.g., transfer lines, portable valve and diversion boxes) will be reused to the extent
possible for future waste retrieval activities in the C tank farm. Disposition of the C-107 MARS-
S in-tank and abovegrade equipment will be determined following retrieval. Transfer lines and
the portable valve and diversion boxes will be flushed to reach acceptable exposure rates for
disconnecting and relocating the equipment. Any abovegrade modified sluicing or MARS-S
equipment that needs to be removed and is not suitable for reuse will be packaged and disposed
of onsite in accordance with the approved waste acceptance criteria for the Hanford Site burial
grounds and TFC-OPS-WM-C-10, Contaminated Equipment Management Practices. The
fITlILs will be managed in accordance with RPP-12711, Temporary Waste Transfer Line
Management Program Plan.

3.9.2 Disposition of Existing Ancillary Equipment

Ancillary equipment associated with tanks C-102, C-104, C-107, C-108, and C-1 12 is limited to
waste transfer lines and equipment installed in pits and abovegrade risers. The current status of
the ancillary equipment associated with tanks C-102, C-104, C-107, C-108, and C-1 12 is
described in Section 2.6. Any contaminated equipment located within risers that needs to be
removed following waste retrieval will be packaged and disposed of onsite in accordance with
the approved waste acceptance criteria for the Hanford Site burial grounds and
TFC-OPS-WM-C-10.

In accordance with the SST system closure plan (RPP-13774), disposition of the ex-tank
ancillary equipment, including pipelines, will be performed in accordance with a separate
component closure activity plan. Closure plans will be incorporated into the SST permit.

3.10 AIR MONITORING PLAN

ORP and the TOC, pursuant to federal requirements for protection of their workers, will develop
and implement IH monitoring plans for exhauster stack emissions for the retrieval of tanks C-
102, C-104, C-107, C-108, and C-112. The plans will be developed and implemented pursuant
to the requirements of TFC-PLN-4334, Tank Farm Ce-rer ealth ld Se PIndustrial
Hygiene Exposure Assessment Strategy. The constituents of potential concern (COPCs) for
which exhauster stack sampling and analysis will be conducted will be identified in the IH
monitoring plans for each tank retrieval. The COPCs identified in the IH monitoring plans will
be all or a subset, as determined to be appropriate by the TOC IH, of those constituents listed in
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RPP-20949, Data Quality Objectives For The Evaluation Of Tank Chemical Emissions For
Industrial Hygiene Technical Basis, Table 4-1, developed with input from Ecology and RPP-
22491, Industrial Hygiene Vapor Technical Basis. Onco the initial subsot of COPs is ideftified
and listNd in he lNo COPC shall be dropped from that-the Tank Vapor
Information Sheet (IVIS) list developed for C-Farm without 90 days prior notification to and
approval from Ecology. If ORP notifies Ecology of its desire to cease exhauster stack sampling
for a COPC initially identified and listed in an IH monitoring plan and no response is received
from Ecology within 90 days, the COPC will be deleted from the I-1 monitoring plan and sample
and analysis activities for that COPC will cease. New COPCs may be added to an IH monitoring
plan without notification to or approval from Ecology and without modifying or revising this
tank waste retrieval work plan.

The sampling and analysis methods shall be EPA, National Institute for Occupational Safety and
Health-approved, or Occupational Safety and Health Administration (OSHA)-approved methods
or an equivalent TOC-approved method, as identified in RPP-20949. The exhauster stack
samples will be analyzed at the 222-S Laboratory, the Waste Sampling and Characterization
Facility, or an equivalent laboratory consistent with the quality assurance/quality control
procedures for that laboratory. Further, laboratory analysis data will be kept on file at the
laboratory consistent with the laboratory record keeping procedures for that laboratory for a
period of not less than 5 years and will be available to Ecology, within 24 hours, upon request.

Ecology and ORP understand and agree that the activities discussed above do not restrict ORP
and the TOC from taking any and/or all steps necessary as ORP and the TOC deem appropriate
to protect its workforce in response to data and information generated by an IH monitoring plan
or incidents as they might arise during waste retrieval. Ecology and ORP also understand and
agree that the preceding sampling and analysis discussion is presented to ensure ORP is
achieving the agreed to sampling and analysis for the protection of the public and its workers and
does not modify the exemption from the requirements of 40 CFR 264, "Standards for Owners
and Operators of Hazardous Waste Treatment, Storage and Disposal Facilities," and 40 CFR
265, "Interim Status Standards for Owners and Operators of Hazardous Waste Treatment,
Storage and Disposal Facilities," Subpart CC, granted to ORP under 40 CFR 265.1080(b)(6).
Therefore, this discussion does not imply any change to the respective authority of either
Ecology or ORP regarding the sampling, analysis, monitoring, and control of airborne emissions
from Hanford Site tanks.
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The results from drywell monitoring, as well as a summary and analysis of this monitoring,
including tools used, calibration, boreholes logged, depth of logging, frequency, logging rate,
and data analysis will be submitted to Ecology within the retrieval data report in accordance with
Appendix I of the HFFACO.

4.2.1.2. Leak Detection Using SST Liquid Level Measurement. SST level measurement data
are normally limited during periods when active retrieval operations are not being performed due
to the strategy of minimizing liquid in the tank. In addition, because of the dished bottoms of the
tanks and the location of the level instrumentation near the side in the C-100 series SSTs, waste
levels cannot be measured below approximately 12,000 gal. However, should conditions exist
where a continuous liquid surface measurement is available (e.g., a pump fail prior to removing
as much liquid as practical from the tank and replacement of the pump cannot occur
immediately) this measurement could provide an additional means of leak detection superior to
either drywell monitoring or HRR. SST Liquid level measurement can be used for leak detection
during waste retrieval under the following conditions:

1. The tank level gauge must be an Enraf level gauge of the type normally used in tank
farms

2. There must be a liquid surface under the Enraf plummet, with no part of the plummet
touching any waste solids or the tank bottom

3. There are no active retrieval operations being performed

4. The tank is not being actively exhausted except as required to meet air permit
requirements*

5. The measured waste level is not increasing, such as can occur if liquid is slowly draining
from waste solids above the liquid surface

,6. During periods when the Enraf is used for leak detection the Enraf level will be recorded
at least once e, Cry calendar day.

* lfthe exhaust is applied to the tank for > 7 days and causes a significant level decrease rate,
moisture logging will be evaluated as an alternative leak detection method.

Material balance will not be credited for SST leak detection during waste retrieval activities.

4.2.1.3. High-Resolution Resistivity. HRR will be used for leak detection during the retrieval
of the remaining waste in C-108, and the retrieval of waste in C-102, C-104, C-107 and C-l 12.
The equipment operates continuously except when down for repairs, calibrations, electrical
outages, or similar reasons. Should a problem occur which renders the HRR leak detection
system inoperable, drywell monitoring would be used as a backup means of leak detection,
within the conditions specified in Figure 4-3 and 4.2.1.1.

The HRR method uses geophysical resistivity measurements as a means to detect changes in
baseline soil moisture levels. The electrical resistivity of the soil around and beneath a waste
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4.6 MITIGATION STRATEGY

Mitigation strategy including a response plan to a detected leak (identify responses to
various leak rates) including notifications and provisions for obtaining approval of any
remedial actions.

4.6.1 Leak Mitigation for Waste Retrieval Tank Leak

The leak mitigation strategy (i.e., reduction of leak loss potential) is to minimize the liquid
volume within the tank during waste retrieval operations. Leak minimization for a waste
retrieval tank leak will be provided by actions taken during waste retrieval. These include the
following:

* The in-tank liquid inventory during waste retrieval will be less than liquid level present in the
tank before interim stabilization activities were undertaken.

* Addition of liquid to the retrieval tank is minimized and liquid pools that form are removed
as practical.

* Liquid inventories during sluicing retrieval operations will be removed between waste
retrieval campaigns. Liquid inventories during heel removal operations will be maintained to
the limits specified in the process control plan.

* Waste is retrieved to the extent practical by working from the center of the tank outwards.

* Evaluating HRR system data as specified in Section 4.2.1.3.

* Equipment handling controls are used to minimize the potential for dropping equipment into
the tank, which could penetrate the tank bottom during installation.

* Maintaining a benchmark level in the tank. The waste level shall not exceed this benchmark.
The benchmark level is defined in the process control plan.

If there is a need to operate the system longer than currently planned to demonstrate the limit of
the technology to recover waste that is difficult to retrieve, the basic leak minimization step is
still to limit the volume of any free liquid in the tank.

The 'timeliness' of any leak response action is dictated in part by how often the HRR data (or
drywell monitoring data when used as a backup means of leak detection), are reviewed. Until a
potential leak is noted there is no leak response, only the steps enumerated above to minimize the
leak potential and leak volume. Anomalies noted during HRR data review are evaluated for leak
potential. When this data review indicates an unexplained anomaly exists that may be caused by
a potential tank leak, all liquid additions to the tank are stopped and the leak assessment process
is begun.

The leak assessment process steps are:
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HNF-3484, 2009, Double-Shell Tank Emergency Pumping Guide, Rev. 10, Washington River
Protection Solutions, LLC., Richland, Washington.

HNF-EP-0182, 2005, Waste Tank Summary Reportfor Month Ending February 28, 2005,
Rev. 203, CH2M HILL Hanford Group, Inc., Richland, Washington.

HNF-IP-1266, Tank Farms Operations Administrative Controls, Latest Revision, Washington
River Protection Solutions, LLC, Richland, Washington.

H NF-SD-WM-DQO-001, 2010, Data Quality Objectives for Tank Farms Waste Compatibility
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HNF-SD-WM-ER-541, 1998, Tank Characterization Report for Single-Shell Tank 241-C-1 12,
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Richland, Washington.

H NF-SD-WM-ER-679, 2000, Tank Characterization Report for Single-Shell Tank 241-C-104,
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Washington River Protection Solutions, LLC, Richland, Washington.
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Waste Perjormance Assessment, Rev. 4, CH2M HILL Hanford Group, Inc., Richland,
Washington.

HNF-SD-WM-TSR-006, Tank Farms Technical Safety Requirements, Latest Revision,
Washington River Protection Solutions, LLC, Richland, Washington.

HW-72743, 1978, "75'-0" Dia. Storage Tanks T-U-B&C Arrangement," Rev. 19,
U.S. Department of Energy, Richland, Washington.

LA-UR-97-3 11, 1997, Waste Status and Transaction Records Summary (WSTRS), Rev. 4,
Los Alamos National Laboratory, Los Alamos, New Mexico.

M-045-09-01, 2010, Federal Facility Agreement and Consent Order Change Control Form, U. S.
Department of Energy, Office of River Protection, Richland Washington

OSD-T-151-00007, Operating Specificationsjfr the Double-Shell Storage Tanks, Latest
Revision, Washington River Protection Solutions, LLC, Richland, Washington.
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RPP-21753, 2005, C Farm 100-Series Tanks, Retrieval Process Flowsheet Description, Rev. 1,
CH2M HILL Hanford Group, Inc., Richland, Washington.

RPP-21895, 2008, 241-C-103 and 241-C-109 Tanks Waste Retrieval Work Plan, Rev. 3C,
CH2M HILL Hanford Group, Inc., Richland, Washington.

RPP-22392, 2009, Tanks C-102, C-104, C-107, C-108, and C-112 Long-Term Human Health
Risk Calculations to Support Tank Waste Retrieval Work Plan, Rev. 2, Washington River
Protection Solutions, LLC. Richland, Washington.

RPP-22491, Industrial Hygiene Iapor Technical Basis. Latest Revision, Washington River
Protection Solutions, I -IC, Richland, Washington.

RPP-22520, 2008, 241-C-101, 241-C-105, 241-C-110, and 241-C-lI Tanks Waste Retrieval
Work Plan, Rev. 4, CH2M HILL Hanford Group, Inc., Richland, Washington.

RPP-23403, 2009, Single-Shell Tank Component Closure Data Quality Objectives, Rev. 4,
Washington River Protection Solutions, LLC, Richland, Washington.

RPP-27869, Building Emergency Planfor Tank Farms, Latest Revision, Washington River
Protection Solutions, LLC, Richland, Washington.

RPP-29002, 2006, Double-Shell Tank Waste Analysis Plan, Rev 0, CH2M HILL Hanford Group,
Inc., Richland, Washington.

RPP-30121, 2006, Tank 241-S-102 High-Resolution Resistivity Leak Detection and Monitoring
Test Report, Rev 0-A, CH2M HILL Hanford Group, Inc., Richland, Washington.

RPP-32477, High Resolution Resistivity Leak Detection Data Processing and Evaluation
Methods and Requirements, Latest Revision, Washington River Protection Solutions,
LLC, Richland, Washington.RPP-33116, 2008, 241-C-110 Tank Waste Retrieval Work
Plan, Rev. 2, CH2M HILL Hanford Group, Inc., Richland, Washington

RPP-50910, 2011, Single-Shell Tank Waste Retrieval Limit of Technology Definition for
Modified Sluicing, Rev. 0, Washington River Protection Solutions, LLC., Richland,
Washington.

RPP-CALC-43416, 2010, An Evaluation ofSingle-Shell Tank 241-C-107for the Addition of a
Large Penetration in the Tank Dome, Rev. 0, Washington River Protection Solutions,
LLC. Richland, Washington.

RPP-CALC-47657, 2010, Single-Shell Tanks Large Penetration Addition: Tank 241-C-107
Dome and Haunch Comparative Analysis, Rev. 0, Washington River Protection
Solutions, LLC. Richland, Washington.

RPP-PLAN-23827, 2010, Sampling and Analysis Planfor Single-Shell Tanks Component
Closure, Rev. 2, Washington River Protection Solutions, LLC, Richland, Washington.
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RPP-SPEC-39989, 2010, Performance Specificationfor The Mobile Arm Retrieval Systemfor
Tank 241-C-107, Rev. 2, Washington River Protection Solutions, LLC. Richland,
Washington.

RPP-SPEC-41963, Construction Specificationjor Installation of A Large Riser on A Single-Shell
Tank, Rev. IA, Washington River Protection Solutions, LLC. Richland, Washington.

TFC-ENG-CHEM-D-42, Tank Leak Assessment Process, Latest Revision, Washington River
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TFC-ENG-CHEM-P-47, 2005, Single-Shell Tank Retrieval Completion Evaluation, Rev. A-1,
CH2M HILL Hanford Group, Inc., Richland, Washington.

TFC-ENG-STD-26, 2004, Dilution and Flushing Requirements, Rev. A, CH2M HILL Hanford
Group, Inc., Richland, Washington.

TFC-ESHQ-ENVFS-C-01, Environmental Notification, Latest Revision, Washington River
Protection Solutions, LLC, Richland, Washington.TFC-ESHQ-ENV-STD-03, 2005, Air
Quality - Radioactive Emissions, Rev. A-1, CH2M HILL Hanford Group, Inc., Richland,
Washington.

TFC-ESHQ-ENV-STD-04, 2004, Air Quality Program - Non-Radioactive Emissions, Rev. A,
CH2M HILL Hanford Group, Inc., Richland, Washington.

TFC-OPS-MAINT-C-01, 2005, Tank Farm Contractor Work Control, Rev. G-2, CH2M HILL
Hanford Group, Inc., Richland, Washington.

TFC-OPS-OPER-C-24, Occurrence Reporting and Processing of Operations Information, Latest
Revision, Washington River Protection Solutions, LLC, Richland, Washington.

TFC-OPS-WM-C-10, 2004, Contaminated Equipment Management Practices, Rev. A,
CH2M HILL Hanford Group, Inc., Richland, Washington.

TFC-PLN-07, 2005, Dangerous Waste Training Plan, Rev. A-6, CH2M HILL Hanford Group,
Inc., Richland, Washington.

TFC-PLN-4334, 2005, Ta:k Fa;i C :ntracto, Hlealth a=d S:e! Plandndusial Hygiene
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TO-320-022, Operate Model 503DR Hydroprobe Neutron Moisture Detection, Latest Revision,
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Toxic Substances Control Act of 1976, 15 USC 2601, et seq.

WAC 173-303, "Dangerous Waste Regulations," Washington Administrative Code, as amended.
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Change Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

1. Document Title and Number: RPP-22393, Rev. 6A, 241-C
and 241-C- 112 Tanks Waste Retrieval Work Plan

102, 241-C-104, 241-C-107, 241-C-108

2. Minor Field Change:
(Scction 12.4 IIFFACO Action
Plan)

0 Yes: (WRPS Signature Only -
Attach signied fori to Pri nLry
Document for record purposes)

x No: Proced loi3oxl

6.
Do propose( changes
require schedule changes?
(Would this extend
completion of retrieval
beyond 12 months from
date of initiation?)

n Yes x No

3. Document Issue Date:

05/21/12

4. Document Modification
Notice Date: 09/05/12

7.
Do proposed changes include
specific additions, deletions, or
modification to scope and/or
requirements which affect the
overall intent of the plan?

b Yes x No

9. Description and Justification of Change:

5. Notice Number: 2012-08

8. (Cheek only onE box)

n Significant Modification
(Check if the answer to question in cither
section 6 or 7 is "yes", Significant
imdificatis require revision of the priat y
docotnent.)

Minor Modification
x Acquircs modification of the docutment

X Can be accomiplished with Modification
Notice.

Change Description: A change is needed to specify that the modified sluicing waste retrieval system for
tank C-I 02 will use an extended reach sloicer (I 8) wvth high pressure water capability. [he ERSS
was shown to be effective for C-1 12 retrieval operations. High pressure water is enhancing retrieval of
C-107. Since high pressure water will be available, the secund retrieval technology is beitig changed
from chemical dissolution to high pressure water.

Justifications:

* Abbreviations and Acronyms Added ERSS

* Section 3.0, pg 3-1--identified ERSS as the mdified sluicing tool and changed the C-102 second
technology to high pressure water

* Section 3.L1, pg 3-2 added deription of high pressure water puipose

o Section 3.1.3, pg 3-13--- added description of ERSS operation

o Section 3.1.3, pg 3-14 and 3-15 -added ERSS to limit of technology discussion

o Section 3.1,4, pg 3-16 Added C-1 04 to list of tanks using chemical dissolution and deleted C-102

o Section 3.3 pg 3-22 to 3-23 added justification for high pressure water selection as tie second
technology

See the attached redline strikeout pages.
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Office of River Protection, Slate of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Change Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 93)

10. Impact of Change:

The change allows the Tank Operations Contractor to use high pressure water as the second retrieval

_technology for C-102.
11. Additional Requirements and/or Provisions

A twov a s

Washington R4r Pia
Solutions, I ML

Li Provisional Approval2

Date
W'Pinal Approval

Date/
Notes

ffic? of Rciver Prqtect pp

.n2Provisionif Appo 12

Date

Final Api I
Datc C' ( IJ

State-of Wash., Dept. of Ecology

L Provisional Approval'
J )ate

h Final Approval
Date

1 - For use by Ecology to identify any add&itional information needed to make a decision regarding the request for niodificalions. In
addition, Ecology will identity actions, i any, rugaidilig the rmolification request (that DOE roay takc prnding Ecology's final decision
2 - Provisional approval allows DOE aid it's contractors to [rke specific actions identified in section I1, prior to final approval of this
modification.
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LIST OF TERMS

Terms

High Pressure Water in the context of this document means any water supplied at a higher
pressure than the raw water supply pressure.

Abbreviations and Acronyms

1C hisnuth phosphate first-cycle decentamination
ALARA as low as reasonably achievable
BBI best-basis inventory
CII2M HILL CH2M H ILL Hanford Group, Inc.
COPC constituent of potential concern
DOE U.S. Department of Energy
DST double-shell tank
Ecology Washington State Department of Ecology
EPA U.S, Environmental Protection Agency
ERSS Hxtended Reach Sluicing System
MV ACO Hanford Federal Facility Agreement and Consent Order

III hazard index
TIl ITL hose-in-hose transfer line
HRR high-resolution resistivity
IH Industrial Hygiene
ICR incremental lifetime cancer risk

ITM leak detection and monitoring
ORP Office of River Protection
PriLA Process hazards analysis
PUREX plutonium-uranium extraction
RC R A Resource (onservalion and Recovery Act qf 1976
RIMS retrieval monitoring system
SST single-shell tank
TBP tributyl phosphate
TOC tank operations contractor
U PR unplanned release
WMA waste management area
WRS waste retrieval system

Units

% percent
Ci/kg curies per kilogram
Ci curie
Ci/L curies per liter
F degrees Fahrenheit

ft foot
fl cubic feet

viii
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3.0 PLANNED WASTE RETRIEVAL TECHNOLOGY

This section provides a description of the primary and secondary waste retrieval technologies for
retrieving the waste from tanks C-102, C-104, C-107, C-108, and C-I 12. The rationale for
selection of primary and secondary technologies is provided in Section 3.3. However, in
accordance with Appendix C, Part 1 of the Decree;

"If 360 cubic feet is reached with the first retrieval technology, the first retrieval
technology shall be used to the "limits of technology" and a sccond retrieval technology
shall not be required,"

The primary technology is the first technology deployed for waste retrieval.

The primary technology for C-102, C-104, C-108, and C-112 will be modified sluicing. F0r C-
102 the mcdi fied sl1 wing will be done wi Ii an Extended Reach S luicer (ERSS). -If required to
meet the tank residual waste conditions in the Decree, the second technology for G-Ii2 C-104,
C-108 or C-112 will be a chemical retrieval process. The second technology or C-102 will be
high Wrs Ce Wa tir dploied wiitl thn EIRZSS. The primary technology for C-107 will be sluicing
with supernate or water. The second technology will be high-pressure water spray. Both of
these technologies will be deployed via MARS-S. The MARS-S is designed to implement both
the primary and secondary technology when needed. Retrieval activities will switch from one
technology to the other as required to reach the Consent Decree residual waste goal.

In accordance with the Decree, Appendix C, Part 1:

"If the waste residual goal of 360 cubic feet is not achieved using the established two
technologies, an additional retrieval technology established in a revised TWRWP shall be
deployed to the "limits of technology;" provided that DOE may request that the State
agree that DOE may forego implementing a third retrieval technology if DOE believes
implementing such technology is not practicable under the criteria set forth above Iin
Appendix C, Part 1 of the Decree]. If DOE and Ecology are unable to reach agreement,
the resolution of the issue of whether a third retrieval technology shall be deployed shall
be resolved through the dispute resolution process set forth in Section IX of this Decree."

3. SYSTEM DESCRlPTION

This section provides a description of the waste retrieval systems (WRS) and how they will be
operated. Continued design development and incorporation ofiessons learned may lead to
changes in the design and/or operating strategy.

3-i
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3.1.1 Physical System Description

The WRS will consist of a modified sludge sluicing system to mobilize and retrieve waste from
tanks C-102, C-104, C-108, and C- 112. The sluicing system will consist of two (or more) sluice
nozzles and a slurry pump in each lank. The sluice nozzles or hydraulic sluicers will be
controlled from a control trailer located near the tanks. The sluice nozzles will be installed in
existing tank risers. The sluice nozzles will have the capability to direct liquid at various
locations in the tanks. The C- 102 WI1S will have the capability to use high pressure water to
beak apart hard aegloinerations of waste._The flow rate through the sluice nozzles will be
adjusted based on the pomp-out rate so that the rate o f liquid introduction will approximately
equal the rate of solution removal with the objective of minimizing the liquid waste volume in
the retrieval tank.

The WRS for tank C-107 wil be the Mobile Arm Retrieval System-Sluicing (MARS-S).
Standard modified sluicing is maintained as an alternate WRS for C-107 in the event this first
deployment of the MARS-S has to be halted. The MARS-S sluicing process consists of an
extendable robotic ann suspended from a large central riser added to the tank and serves as the
deployment plat fonn for two separate retrieval technologies. The MARS-S is a mobile arm
capable of rotating and extending in the tank. The system is equipped with two technologies to
mobilize the waste and direct it to a pump for removal, For one technology, the end of the arm is
equipped with sluice nozzles that direct supornate and/or water onto the waste surface from a
short distance away, and directs the mobilized waste slurry backwards to a slurry pump. A
second technology provided by the MA RS-S is the add ition of high pressure water spray nozzles
that serve to break up hard waste agglomerations and direct them to the slurry pump. The slurry
pump may use a backstop that can capture the slurry waste and is equipped with more supernate
and water nozzles to further break the waste up for removal by the pump.

The waste retrieved from tanks C-102, C- 104, C-IC-, C -108, and C- 112 wil be transferred to a
DST. To minimize the overall volume of waste requiring storage in the )ST system, the waste
retrieval project plans to use DST supernate as the primary sluice liquid (see Section 3.1.2 for
operating description). The WRS will also have the capability to use raw wate for sluicing with
valving change or minor modifications.

The waste retrieval plan as of October 2010 for using DSTs for waste receipt and as source tanks
for supernale recycle is shown in Figure 3-1. The DSTs were selected based oil their location,
available space, and existing or planned equipment upgrades. Additional detail on the planned
use of supernate during waste retrieval is discussed in Section 3.2.

3-2
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DST to the SST. All waste transfers, including transfer of waste from the C farm tanks to the
DSTs and the transfer of supernate from DSTs back to C farm tanks, wiII be performed using
transfer lines that provide secondary containment. The waste retrieval project currently plans to
use oveiground hose-in-hose transfer lines (1llt Tis) and the Resource Conservation and
Recoveoy Act of 1976 (RCRA)-compliant DST transfer system.

3,13 Waste Retrieval System Operating Description

The overall WRS operating strategy will consist of reducing the SST waste inventories.
The process will be monitored using closed-circuit television to facilitate waste retrieval and
minimize any liquids in the tanks, Supernate will be used as the primary retrieval liquid.
Raw water will be used in limited quantities as necessary for waste conveyance and transfer line
flushing.

During routine modified sluicing operations, waste retrieval will be initiated by starting the
supernate pump in the DST source tank and using the pumped supernate to provide sluicing fluid
to the selected sluice nozzle, Initial sluicing will be focused in the center portion of the tank to
minimize the time required to get liquid to the slurry pump to allow it to he started. The in-tank
camera wi II be used to provide visual input for directing the sluice nozzle. The slurry pump in
tank C-102, C 104, C-108, or C-112 will be started as soon as liquid from the sluicr operation
reaches the area of the pump inlet and there is enough liquid present to prime and operate the
pump. During waste retrieval, the flow o fliquid into the tanks through the sluice nozzles will be
controlled to both limit accumulation of liquid in the tank and to maximize waste retrieval
efficiency. The slurry removed will consist of both mobilized tank waste and DST supernate
used for mobilization. Maintaining a balanced pumping rate into and out of the tanks is integral
to miniimizing the liquid volume in the tanks and reducing the potential for lckage.

I~o I k if I krw r 1 d , 1 7 : 1 i l g i 1 1 +

m ii In I Ih It Iuc 1- I - Le qm~ I d I Ir I1 1rdI I th In r i I I c L 1 i

During routine MARS-S operations, waste retrieval is similar to that for modi fled sluicing, with
the exception that the supernate nozzles on the MARS-S will be located near the waste surface.
The MARS-S arm will be moved radially and axially to reach all areas of the tank. The slurried
waste is directed back to the central pump and removed from the tank. Nozzles located at the
pump backstop are used to further break up waste particles. An additional teclmology provided
by the MARS-S is the capability to add high pressure water to break up particles that resist
breakup or mobilization with the lower pressure supernate (or water) stream. Water could be
used at any time (luring the retrieval process but it is not envisioned that much will be needed
until towards the end of retrieval.

If initial sluicing efforts show that tank C-102, C-104, C-107, C-108, or C-112 sludge is not
readily mobilized, it may be necessary to add sufficient liquid to the tank(s) to cover the sludge
and allow it to sit for a period of time to soften the solid waste before sluicing is resumed. It is
not likely that there will be any need to soften the waste. Tank C-108 waste is estimated in the

3-13
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BBI to be about 40 wt% water; tank C-102 waste is estimated to be 40 to 65 wt% water; and
tanks C-104, C-107, and C-1 12 waste is estimated to be about 50 wt% water. The oily reason to
soften the waste would be if the surface had become so hard it resisted breakup by solution from
the sluicing nozzles. Extensive dryout of the waste (not likely at the estimated water lcvels and
the 70 to 100 F waste temperatures) could cause some agglomeration of the material. The waste
could also be held together with salt crystals from supernate that had evaporated. Should either
of these occur and the waste not breakup effectively when hit with solution from the sluicing
nozzles, adding liquid to the waste surface may be tried to soften it for retrieval. Liquid breaks
down the bonds in dried out waste or dissolves most salt crystals. The supernate used will not be
saturated at the start of retrieval in a tank and thus will be expected to dissolve such salts or
break the crystal structure down sufficiently to permit retrieval.

The volume of free liquid added to soften any waste would be minimized by keeping the free
liquid height above the waste to as small as practical. Any free liquid added beyond this would
provide little benefit, The time period needed to soften the waste is unknown; it is expected to
be a few days or longer.

Pumping during sluicing will maintain minimum liquid volume in the tanks. This will be
performed by initially directing the nozzle flow towards the center of the tanks. As the sluice
liquid contacts the tank waste, the sludge will be mobilized and retrieved via the slurry pumps.
Typically, one sluicer will he operated at a time operating at a flow rate of approximately 60 to
120 gal/min.

During all field activities, standard operating procedures and safety precautions will be
implemented to protect worker health and safety, the public, and the environment. In accordance
with standard operating procedures, health physics and industrial health technicians will monitor
conditions within the tank farm in accordance with approved monitoring plans.

When the level of residual solids gets low in the tank, the volume of solids removed per unit
volume of sluicing fluid removed from the tank will be tracked. The units used will be selected
by engincering personnel. Waste retrieval operations will continue in an effort to obtain the goal
of 360 ft3 or less of residual waste remains in the tank, and/or the limits of technology have been
reached for this retrieval method. The project will determine when a tank retrieval is complete
by following the Consent Decree requirements stating "that the recovery rate of that retrieval
technology For that tank is, or has become, limited to such an extent that it extends the retrieval
duration to the point at which continued operation of the retrieval technology is not practicable,
with the consideration of practicability to include matters such as risk reduction, facilitating tank
closures, cost, the potential for exacerbating leaks, worker safety and the overall impact on the
tank waste retrieval and treatment mission."

Until a risk evaluation is available, the limit of technology ror modifled sluicing is defined in
RPP-5091 0, Single-She/I Tank VWaste Retrieval Limi oJ Technology Definition for Modifled
Sluicing as when the concentration of SST waste in the retrieved slunry sent to the DST is within,
or bracketing, the range of 0 to 0.6 volume percent.

There is no limit of technology definition for an IRMS or MARS-S waste retrieval process. A
limit of technology definition will not be developed until sufficient ERSS and MARS-S retrieval
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operations have been performed to enable development f a justifiable definition. Until an ERSS
MARS-S limit of technology definition is developed the same value used for modified sluicing
in RPP-50910 is applied to MARS-S retrieval operations.

There is no limit of technology definition for a chemical retrieval process. A limit of technology
definition will not be developed until sufficient chemical heel retrieval operations have been
performed to enable development of ajustifiable definition. It is estimatcd that this will take 3 to
4 heel retrieval operations.

Appendix C, Parl 1 of the Decree defines the limit of technology as follows:

"The "limits of technology" means that the recovery rate of that retrieval
technology for that tank is, or has become, limited to such an extent that it extends
the retrieval duration to the point at which continued operation of the retrieval
technology is not practicable, with consideration of practicability to include
matters such as risk reduction, theilitating tank closures, costs, the potential for
exacerbating leaks, worker safety, and the overall impact on the tank waste
retrieval and treatment missions."

For MARS-S, data for retrieval performance measurement used to show the limits of technology
have been met will be used after implementation of one or both low pressure sluicing and high
pressure water operations (each technology will not be evaluated separately for its limit of
technology).

Ecology is notified in the Tri-Party Agreement project manager's monthly meeting when the
limits of technology have been reached. Status reports are continued until waste retrieval
operations cease. An 95T waste retrieval evaluation form and a retrieval report are then
prepared and issued and in accordance with the Decree, Part IV, B. 5:

"When DOE completes retrieval of waste from a tank covered by this Decree, DOE will
submit to Ecology a written certification that DOE has completed retrieval of that tank.
For purposes of this Consent Decree, "complete retrieval" means the retrieval of tank
waste in accordance with Part I of Appendix C and with the retrieval technology/systems
that were established by Part 1 of the TWRWI' either by approval of Ecology or after
dispute resolution by the Court under Section IX of the Decree."

Following completion of waste retrieval and final tank flushing, the residual waste volumo will
be determined using the methodology defined in RPP-23403, Single-Shell Tank Component
Closure Data Quality Ohjectives, and RPP-PLAN-23827, Sampling and Analysis Plan for
Single-Shell Tanks Component Closure.

3.1.4 Chemical Retrieval Process

Chemical retrieval process details are contained in the process control plan for each tank using a
chemical retrieval process. When samples are available the retrieval process is tested on samples
of tank waste. If hard heel samples are not obtained the hard heel composition is deduced from
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tank historical data. The hard heel volume to be treated is normally not known until sluicing
retrieval is complete. The hard heel volume can be determined from visual observation, level
sensors, or liquid displacement using tank level sensors. The composition and volume of the
heel are used to determine the quantity and type of chemicals used for chemical retrieval process.

The chemical retrieval process may be a series of steps or a single action depending on how the
waste reacts to the process. If a single step will dissolve sufficient solids to achieve the volume
reduction mandated by the Decree, only one chemical retrieval process step will be deployed.
The chemical retrieval process may include one or more of the following:

" water to remove compounds insoluble in the caustic liquids found in the tanks,
* high molarity caustic solution to break clown aluminum hydroxide compounds, or
" other chemicals to aid the retrieval of sludge.

Ecology will be informed of the pre-retrieval estimated volume of Hquid(s) to be added to the
tank prior to the initial addition(s). Water additions for dissolution and volume reduction
associated with a chemical retrieval process are separate actions from the heel rinse described in
section 3.2,

Unlike modified sluicing, there is no operational data available that can be used to estimate the
recovery rate for a limit of technology determination for a chemical retrieval process planned for

S[01-1-0 L C-108, or C-1 12. If the first step of a multiple step dissolution achieves the
Decree volume target the limit of technology will be considered to have been met for the
chemical retrieval process technology. Using unnecessary chemical retrieval process steps adds
risk to worker safety and has retrieval schedule impacts, DST storage volume impacts, and thus
possible mission impacts.

If the Decree target volume is not achieved, and all steps of the chemical retrieval process have
been deployed as speci fled in the process control plan, the limit of technology will be considered
to have been met for the chemical retrieval process provided the data shows that additional
chemical retrieval process steps are not practicable.

Consideration for additional waste retrieval actions wilI he according to the Decree Appendix C,
Part I as noted in section 3.0.

3.2 LIQUID ADDITIONS DURING VASTE RETRIEVAL

Supernate from I)ST AN-101, AN-l106, or AZ- 01 will be introduced to tanks C-102, C-104,
C-107, C-108, and C-1 12 to mobilize sludge. Supernate will be added at a rate of approximately
60 (or less) to 120 gal/min. The retrieval liquid, along with tank solids, will be removed f-om
these tanks at approximately the same rate. Utilizing recycled supernate to retrieve the waste
from the tanks will minimize the overall volume o'waste generated during the waste retrieval
process. The modified sludge sluicing process will minimize the volume of liquid in the SST
during waste retrieval operations.

The use of supemate will be limited by the following:

3-16

G-175



RPP-22393, Rev 7

RPP-22393, Rev. 6

to sound tanks as identified in INF-EP-0182 using the modified sluicing or MARS-S systems is
acceptable. The mobile retrieval system uses vacuum to remove waste to the tank farm surface
where liquid is added to enable the waste to be transferred as a slurry. Because of this
difference, the mobile retrieval system or the MARS vacuum system (not described in this
document) are currently the preferred waste retrieval technologies for known or suspected
leaking tanks.

When modified sluicing or MARS-S sluicing are performed using )ST supernale, the overall
volume of waste requiring management (storage and/or volume reduction) in the DST system is
reduced.

Modified sluicing is a proven technology that has been successfully demonstrated. The only
volume added to the DST system is the volume of sludge removed from the SST, plus the water
used for line flushes or other uses. There is no deployed process that is more effective.

The MARS-8 sluicing system is expected to be an improvement over modified sluicing because
it is believed capable of reducing the residual waste volume in a tank to below the Consent
Decree limit without requiring an additional technology. 'IThe MARS-S enables close access to
almost all of the waste in a tank to improve waste mobilization over that of modified sluicing.
The first deployment of the MARS-S sluicing system will demonstrate the system capabilitics, as
well as provide time for making improvements if necessary prior to further deployment. After
considering both candidate waste retrieval technologies and designation of the tanks as being
sound, modified sluicing using recycled DST supernate was selected as the primary technology
for deployment in tanks C-I 02, (-104, (C-108, and (>112. the MA RS-S sluicing system is
selected for deployment on C-107. This will be the initial deployment for the MARS-S system.
The operating experience will provide information for future deployment of the system.

The second technology alternatives, if necessary, should one be required for residual waste
removal following modified sluicing, are an in-tank vehicle ; r- .k:c and a chemical
retrieval process.

Generally, an in-tank vehicle is desirable for large or monolithic particles since it can break these
up for sluicing, while a chemical retrieval of larger aggregates may be slow or ineffective dte to
the small surface area for dissoluti.ri ' 11 i I1 sur' .i -i : 11 in-tank vehicle is preferred
as the heel volume increases because a chemical retrieval process may take up too much DST
space and, for caustic or acid dissolutions, will have proportionally more impact to the 9ST
space. A chemical retrieval process is preferable for heels where the volume is relatively low so
the impact on DST space and the WTP throughput volume is less. A chemical retrieval process
may also be preferable if the particles are small because the surface area for dissolution is greater
and an in-tank vehicle may just push the fine particles around the tank.

A chemical retrieval process was selected as the second technology for C-104 and C- 108 as it
can be deployed in less time than an in-tank vehicle arid because it is believed the estimated
residual heel volume could be chemically reduced to below 360 ft3 without causing a significant
impact to the available DST space or the WTP throughput volume.

A chemical retrieval process was selected as the second technology for G-i-O2-and-C- 112 as it
can be duployed in less time than an in-tank vehicle when the primary technology is no longer
effective and the tank residual waste volume in the Decree is exceeded.
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_High ressure water was selected as the second technology for C-102 as it can be deployed in
less time than an in-tank velue when the primary techiololy is ni lonoer effective and the tank
residual waste volume in the Deerce is excecded.

Second technology selection inherently relies on past experience and assumptions on the tank
waste characteristics that will be present after the first technology is deployed to its limits. If
new data is obtained that shows chemical retrieval is not the preferred second technology for
tanks C-104, C-108, C-102, and C-112 a TWRWP modification will be made to seek approval
for the preferred technology.

The primary and second technologies selected arc anticipated to provide the best methods to
achieve the 360 cubic feet target volume goal specified in the Decree, when deployed to their
"limits of technology." The "limits of technology" as defined in the Decree is noted in section
3.1.3.

3.4 ANTICIPATED PERFORMANCE GOA LS

The retrieval technology equipment selected for tanks C-102, C-104, C-107, C-108, and C-112
will be designed, operated, and deployed to each of their limits of technology, as defined in this
document, in an effort to obtain a waste residue goal of 360 cubic feet of waste or less for each
tank in accordance with the Decree (see Table 3-2).

3.5 WASTE RETRIEVAL SYSTEM DIAGRAM

A preliminary diagram of the modified sluicing W1S in-tank components is provided in Figures
3-3 and 3-4. A preliminary diagram of the MAIRS-S sluicing WRS is provided in Figure 3-5.
As noted in Section 3.1 1, the elevation in the AN tank farm is approximately 22 ft higher than
the elevation in the C tank fann and the elevation in the AZ tank fann is approximately 25 ft
higher than the elevation in the C tank tarn.

3.6 WASTE RETRIEVAL SYSTEM FUNCTIONS AND REQUIREMENTS

This section defines the upper-level functions and corresponding requirements to which the tanks
C-102, C-104, C-107, C-108, and C-112 WIRS's must be designed and operated. This work plan
is not a system specification that defines design criteria for the WRSs. However, the system
specification for the tanks WRSs will be consistent with this work plan. The functions and
requirements are provided in Table 3-3 and are focused on defining the upper-level requirements
for the tanks.
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Office of River Protection, State of Washington Department of Ecology

Tank Waste Retrieval Work Plan/Functions and Requirements Change Notice
(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

1. Document Title and Ntttmber: RPP-22393, Rev. 6A, 241-C-102.241-C-104 241-C-107, 241-C-108
and 241-C-112 Tanks Waste Retrieval Work Plan

2. Minor Field Change:
(Section 12.4 HFFACO Action
Plan)
0 Yes: (WRPS Signature Only -
Attach!signed roon to T'tirr
Document tbr record purposes)

x No: Pmeccd to Box 3

6.
Do proposed changes
require schedule changes?
(Would this extend
completion of retrieval
beyond 12 months from
date of initiation?)

t] Yes x No

3. Docutnent Issue Date:

05/21/12

4. Document Modification
Notice Date: 10/04/12

7.
Do proposed changes include
specific additions, deletions, or
modification to scope and/or
requirements which affect the
overall intent of the plan?

D Yes x No

9. Description and Justification of Change:

Change Description: A change is needed to update the tank C
in Notice 2012-03.

5. Notice Number: 2012-11

8. (Check only one box)

U Sienificant Modification
(Check if the answer to question in either
section 6 or 7 is "yes", Significant
modifteations require revision of the primary
docuent.

Minor Modification

X Itetittires noidiiicioi of the docetituct

x Can be accomplished with Modification
Notice.

102 ground water risk estimates as noted

Justifications:

* Section 7.0, pg 7-8--added reference to RPP-22521

* Section 9.0, pg 9-8-updated references

* Appendix A, pg A-I to A-4- updated reference, deleted old plots and added revised plots

* Appendix A, pg A-5 to A-6-deleted outdated information speculating about scenarios

* Appendix A, pg A-7- added revised concentration nutnbers and deleted outdated information

* Appendix A, pg A-8-updated concentration and calculation val ties

* Apendix A, pg A-I l-updated reference

OCT 2 5 21
See the attached redline strikeout pages.

10. Impact of Change:

Provides more accurate estimates of groundwater risk.

11. Additional Requirements and/or Provisions
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2 -- Provisional approval allows DOE and it's contractors to take specific actions identified in section I1, prior to final approval of this
modification.
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is a hypothetical volume that represents neither an anticipated leak volume nor a leak detection
limit. Tanks C-102, C-104, C-107, C-lO8, and C-1 12 arc classified sound and are not anticipated
to leak during waste retrieval. If a leak is detected, however, the risk graphs provided in
Appendices A through E will allow the leak impacts to be estimated regardless of leak volume.

The retrieval leak impact graphs provided in the appendices were generated by applying
Equation 7-1 over a range of hypothetical retrieval leak inventories or each indicator
contaminant (RPP-22392 ). Because potential retrieval leak volumes are
uncertain, the inventory range was selected to encompass a small leak on the low end and a large
leak on the high end. Points of reference were added to the graphs to show the estimated current
tank inventory and the estimated inventory associated with a hypothetical 8.000-gal. retrieval
leak assuming sluicing with DST supernate as identi fied in Appendix A, B, C, D, and F of this
docunent for the planned retrieval sequence (Figure 2-1) and receiver DST (Figure 3-1). The
8.000-gal. volume was used only for information purposes to provide a point of relerence on the
graphs.

Devclopment of the tank-specific inventories shown as points of relerence on the graphs for the
individual tanks is discussed in the appendices. Current inventory values were taken from the
[3131 by downloading from the Tank Waste Information Network System (TW INS) database.
H ypothetical retrieval leak inventory values were calculated from the best available published
data source.

7.1.1.3. Contaminant Transport Simulations. The RPP-1 3774 analysis provides the most
sophisticated currently available predictions of potential long-term groundwater impacts
associated with tank waste retrieval and closure activities for WMA C. The groundwater
contaminant concentrations used for the retrieval leak impact graphs were derived directly from
the modcling output data from the RPP- 13774 analysis.

Flow and transport were simulated in the RPP- 13774 analysis using two-dimensional
cross-sectional models. The cross-sections extended laterally to the tank fim fenceline and
vertically downvard through the vadose zone into the upper portion of the underlying aquifer.
The simulations all assumed a final closure barrier was in place by 2050. The barrier was
assumed to function at its design estimate recharge rate (0.5 mn/yr) for 500 years, afler which
recharge was assumed to increase to 3.5 mn/yr The simulated cross-sectional groundwater
concentrations were distributed unifornly along the length of the downgradient W M A C
boundary. The simulations were carried out for a 10,000-year assessment period (i.e.. friom the
year 2000 to the year 12000). The base case simulation results indicated the peak groundwater
concentrations from retrieval leaks would arrive at the WMA C downgradi ent fenceline in the
year 2082.

The RPP- 13774 transport simulations were performed for the following four types of
contaminant sources within WMA C:

* Past leaks from tanks
* Past leaks from aneillary equipment (i.e., past pipe leaks)
* Potential leaks during waste retrieval
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RPP-21 895, 2008, 241-C-103 and 241-C-109 Tanks Iasle Reirieval Work Plan, Rev. 3C. CI 12M 1111.1
Hanford Group, Inc., Richland, Washington.

RVPI-22392, 2009, Tanks C-102. C-104, C-107. C-10M and C-112 Long-I')rnm Iluman h1calth Risk
Calculations to Suppon link Haste Retrieval Work Plan, Rev. 2. Washington River Protection
Solutions, I I C. Richland, Washington.

RPP-22491, idustrial lhgiene Vapor Technical Basis, Latest Revision, Washington River Protection
Solutions, LLC, Richland, Washington.

RPP-22520. 21008. 241-C-101, 241-C-105, 241-C-1 10 and 241-C-Il l Tangs Wase Retrieval WorA Plan
Rev. 4. C112M HILL Ihanford Group, Inc., Richland, Washington.

RIP-23403, 2009, Single-Shell tink Componewn Clo.l-e Do(1 Qualimv Ohjcetives, Rev. 4, Washington
River Protection Solutions, ITC, Richland, Washington.

R PP-27 869, Building Etmernencv Plan fl- Tank Farms. latest Revision. Washington R iver Proiection
Solutions. 11 C, Richland, Washington.

RPP-2tt002. 2006, Double-Shell Link Waste Analvsis Pln, Rev 0. I12M tILL tHanford Group, me1..
Richland, Washington.

RPP-30 12 2006, Limk 241-S-102 Uigh-,solaiion Resis-vivi Leak Delecltw and loniTowing Tlst

Rlyjrti Rev 1)-A, CI 212M HL 1lanlord Group, Inc. Richland. Washington.

R PP-3247 , High Resolution Resisivity Leak fleCeCtion D1)0 tro'cs sng andi Evaluation '/etthods and
ReqUiPIents. Latest Revision. Washinguon River Protection Solutions, .1 . Richland,
Washington.R 1PP-33 116. 2008. 24/-C-110 Tank W1asc Reticval w-k Plan Rev. 2, CH12M
IL.I. 1 llanord Group. Inc., Richland, Washington

RPP-509 10. 201 1- Single-She/1 lunk aste Retrieval Lunif of /echnolfgv 1Deintti far Ma 'i/led
Shlicing. Rev, t, Washington River Protection Solutions, lLt, Richland, Washingtnn.

KPP-CALC-43416, 2010, lIn Evaluation oflSingle-Shell ikm 24/-C-07 far the Addition ofa Larige
Penetration in the Tmik Dome, Rev. 0, Washington River Protection Solutions, LLC. Richland.
Washington.

RPP-CALC-47657, 2010. Singr/e-She/l Tanks Large Penennaun Addition: limk 24I-C-107 Dome and
launch Campara ive tnA Rev. 0, Washington River Protection Solutions, 11,C. Richland,
Washington,

R PP-P LAN-23827, 2010. Sampling and Anaysis PTAn fir Sngpe-Shell honks Compolnent Closure, Rev.
2. Washington River Protection Solutions, LAIC. Richland. Washington.

R PP-S PEC-39989, 2010, Plerf riance Specificatian in the .btnde A. rio Retrieval S'sstem fio lank 241-
C-/07, Rev. 2, Washington River Protection Solutions, LLC. Richland, Washington.
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Al .0 TANK C-102 PRE-RETRIEVAL RISK ASSESSMENT RESuITS

This appendix provides tank-specific pre-retrieval risk assessment results for tank C-1 02.
The information presented was developed using the methodology described in Section 7.
Groundwater pathway impacts are presented in Section A2.0. Inadvertent intruder impacts are
presented in Section A3.0.

A2.0 GROUNDWATER PATh WAY IMPACTS

[lie groundwater pathway evaluation involved the development of a set of graphical tools to
provide a basis for making infoned decisions in the event a leak is detected or unexpected
retrieval conditions arise during waste retrieval operations. This section provides and discusses
the retrieval leak impact graphs generated for tank C- 102. The methodology used to generate the
graphs is described in Section 7.1.1. Calculation detail for the graphs is provided in
RPP- Tanks C- C- . C- . C- , and C-
Long-TrOm Iluman 1calh Risk Ca/culations to Support -ink Waste Rerieval Work Plan.

A2.I RETRIEVAL LEAK IMPACT GRAPHS

Figures A-I through A-3 provide the tank C-102 waste retrieval leak impact graphs for the
three indicator contaminants (technetium-99. hexavalent chromium. and nitrite) identified in
Section 7.1.1.1.

A-1
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Figure A-1. Tank C- 102 Technetium-99 Risk Plot.
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Figure A-2. Tank C-102 Hexavalent Chromium Hazard Quotient Plot.
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hexavalent chromium and nitrite, respectively, as a Function of the amount of hexavalent
chromium and nitrite leaked from tank C-102 during waste retrieval.

The I LCR and hazard quotient values shown on the graphs were based on the predicted peak
groundwater concentrations at the waste management area (WMA) C downgradient fenceline.
As discussed in Section 7.1, I3, the projected arrival time of the peaks is approximately the year
2082 based on the supporting contaminant transport analysis in RlPP- 13774, Singlf-Shell Tank
System Closure Plan. The graphs provide a retrieval leak risk picture tbr tank C-102 but do not
include contributions from other WMA C sources. Projected impacts fron other WMA C
sources are discussed in Section 7.1.3.

Iwo sloped lines representing the industrial and residential scenarios were plotted on each graph.
[lie datapoints for these lines were calculated as described in Section 7.1.1 over a range of
technetium-99. hexavalent chromium, and nitrite values. Because potential retrieval leak
volumes are uncertain, the inventory range was selected to encompass a small leak on the low
end and a large leak on the high end. Selection ot the inventory range was arbitrary and
independent of any assumption on the type of retrieval tluid used (raw water or supernate).

Vertical dashed lines were added to each graph as points of reference to show the estimated
current tank (- 102 inventory and the inventory associated with a potential 8.0t0-gal. base case
retrieval leak and an estimated worst case 8,000-gal. retrieval leak. The 8,000-gal. volume was a
hypothetical volume used only as a point of reference and for consistency with previous
analyses. It was not intended to represent anticipated retrieval leak volumes or leak detection
limits for tank C-102.
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In the event a leak is detected during waste reieval the leak monitoing system would be used
to estimate the leak volume. The potential human health impacts from the leak could then he
evaluated from the leak volume and estimated contaminant concentrations in the leak along with
the graphs shown in Figures A-1, A-2, and A-3. Using the graphs, the impacts from leak
inventories greater or lesser than those shown for the 8,000-gal reference volume can be
estimated rapidly by extrapolating from the impacts shown for the reference volume-

A2.2 INVENTORY

The reference lines shown in Figures A-1, A-2, and A-3 to indicate current inventory and
retrieval leak inventory were developed from the best available data and information.
Current inventories were taken from the best-basis inventory by downloading from the Tank
Waste Information Network System (TWINS) database (http://twinsweb.pnl.gov/twins.htm).
Retrieval leak inventories were calculated by multiplying the hypothetical retrieval leak volume
(8,000 gal.) by the estimated retrieval leak fluid concentration. Waste was assumed to be
retrieved from tank C-102 by sluicing with recycled supernate from DST AYA-101. The
retrieval leak fluid concentrations for this retrieval scenario were developed using data from
RPP-2 l 2252_ R-v. 6 andrl hc own in 1Tble A--.

Filt'lPl' 2 17 tk N wl, descripueoo eA d
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A2.3 SUNIMARY OF IMPACTS FROM HYPOTHETICAL 8,000-GALLON
RETRIEVAL LEAK

The technctiuin-99 inventory associated with a hypothetical 8,000-gal. retrieval leak from
tank (-102 was estimated to he approximately 1. Ci (RPP- ). As shown
in Figure A-I, this corresponds to an I LCR of approximately 10- for the industrial
scenario and x 10-' tor the residential scenario. The peak technetium-99 groundwater
concentration at the WMA C fence]ine from this retrieval leak would be approximately
pCi/L.

The hexavalent chromium nventory associated with a hypothetical 8,000-gal. retrieval leak from
tank C-102 was estimated to be approximately kg (RPP- ) As
shown in Figure A-2, this corresponds to a hazard quotient of approximately
tar the industrial scenario and for the residential scenario. I he peak hexavalent
chromium groundwater concentration at the WMA C tenceline from this retrieval leak would be
approximately mg/L

The nitrite inventory associated with an 8.000-gal. retrieval leak from tank C-102 was estimated
to be approximately kg (RPI'-22392). As shown in Figure A-3. this corresponds to a
hazard quotient of approximately for the industrial scenario and

for the residential scenario. The peak nitrite groundwater concentration at the WMA C
fenceline from this retrieval leak would be approximately mg/I.

A2.4 EXAMPLE CALCULATION

To illustrate the calculation method used for the retrieval leak impact graphs. the 1ll owing
example is provided. The example uses the industrial scenario ILCR result of I (FV
Using Equation 7-1 from Section 7. 1. 1. the industrial scenario I LCR was calculated as the
product of the technetium-99 inventory (Table A-1). the teChnetium-99 retrieval leak unit
groundwater concentration factor (Table 7-2), and the technetium-99 industrial scenario unit risk
factor (Table 7-3), as follows:

ILCR = (I Ci) - (8.4 10' pCi/L per Ci) - (1.38 , 10' ILCR per p(i/L) = 1.42 x 10"

Complete calculation details are provided in RPP-22392.

A3.0 INADVERTENT INTRUDER IMPACTS

The starting inventories for the tank C-102 intruder calculation were the estimated radionuelide
inventories remaining in the tank following retrieval to the Ecology et al. (1989) llanford
Federal Faci/fi1y Agreement and Consent Order (- IF F ACO) interim retrieval goal of 360 ft- of
residual waste. These inventories were taken fron R PP- 15317. 241-C Wastw Management Area
hweniorv Dala Package, and are based on the selective phase removal inventory estimation
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R PP-2 1753. 2005. C-Farm 100 Series TanL.s, Retrieval Process Flowsheef Description, Rev. 1
CH2M HILL hanford Group, Inhc Richland, Washington.
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Change Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

1 1220 77 1

1. Document Title and Number: RPP-22393, Rev. 6A, 241-C02, 241-C-104, 241-C-107, 241-C-108
and 241-C- 112 Tanks Waste Retrieval Work Plan

2. Minor Field Change:
(Section 12.4 HFFACO Action
Plan)
C Yes: (WRPS Signature 'Only -
A t ach signed turito nnary
Documnent the record pqirpsesi

x No: Proceed to Box 3

6.
Do proposed changes
require schedule changes?
(Would this extend
completion of retrieval
beyond 12 months from
date of initiation?)

u Yes x No

3. Document Issue Date:

05/21/12

4. Document Modification
Notice Date: 5/06/13

7.
Do proposed changes include
specific additions, deletions, or
modification to scope and/or
requirements which affect the
overall intent of the plan?

c Yes x No

9. Description and Justification of Change:

5. Notice Number: 2013-05

8. (Chcck only one box)

E Significant Modification
(Cheek if the answer to question in either
section 6 or 7 is ye. Significant
modifications require revision of the primary
docutnt')

Minor Modification
x Requires modification of the docurnent

x Can he accomplished with Modification
Notice.

Change Description: A change notice is needed to modify the TWRWP to allow an alternative leak
detection method for tank C-102. During retrieval construction some water was added to tank C- 102
and the tank already contained 62,000 gallons (see RPP-22393 Table 2-4) of interstitial liquid exceeding
the interim stabilization criterion of 50,000 gallons. According to Figure 4-3 of the TWRWP, if a tank
does not meet interim stabilization criteria, weekly moisture logging is required if the HRR is not
available for daily operation. Tank C- 102 is not in active retrieval so daily HRR monitoring is not
warranted; however, instead of performing weekly moisture logging, this change would allow
monitoring with the HIRR system for 30 days once a quarter. HRR monitoring is preferred because the
HRR is expected to have better coverage than the 5 drywells available for moisture logging. Weekly
tnoisture logging will be used as a backup method to quarterly HRR monitoring. HRR will be used for
daily monitoring when active retrieval starts as specified in the TWRWP.

Justifications:

* Section 4.2.1, pg 4-7--updated language for use of HRR.

See the attached redIine strikeout pages. JUN 13 201

10. Impact of Change:

HRR will be used to detect leaks while C- 102 contains interstitial liquid volume greater than the interim
stabilization criteria and during active retrieval. If weekly drywell monitori n used 12 leak detection

Ulmf -Cs
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Change Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

monitoring checks would be performed. If the IIRR is used dring the same period, up to 30 leak
detection monitoring checks can be obtained. The deployed HRR syctem uses surface electrodes to
provide more comprehensive monitoring for the portions around C-102 for which there are no drywells

11. Additional Requirements and/or Proysions
Approvals

Washington River Protection Office of River Protection State p. of Ecology
Solutions, L.2C.
fl Provisional Approva1 L Provisional Approva 2  P& sional ApprovaV

Date Date ' Date
v-.'Vinal Approva AFFinal Approval \ A inal Approval

Date / __Date Date t/C- /
Notes
I - For use by Ecology to identify any additional information needed to make a decision regarding the request for mnodifications. In

addition. Ecology wsill identify actions ifany, regarding the modification request that DOE may take pending Ecology's final decision
2 - Provisional approval allows DOE and it's contractors to take specific actions identified in section 1I, prior to final approval of this
modification.
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4.2.1 Description of Proposed LDM System Configuration Used During Waste Retrieval

(Physical and Operating)

a. Describe the proposed IDA! sYsrem con figaration to be used during waste retrieval.

The leak detection and muonitoring (LD M) method for C-102. C- 104. C-107. C-108 and C- 112
during retrieval uses deployment of a high-resolution resistivity 0 IRR) LDM system with
drywells and the tank thermocouple as electrodes. The HRR system will be tnu ly implemented
administratively as well as physically implemented in th1e field when used.

Established drywell logging methods were used to survey the drywells surrounding C-X10 prior
to the start of retrieval, and wilt be used to survev the drywells surrounding C- 102, C- 104, C-107
and C-1 12 before the start of retrieval in these tanks. Drywell monitoring sv ill be used as a
backup means of leak detection if the I IRR system becomes inoperable. Ikhe use of drywell
logging us a backup is specified in 4.2.1 1.

Under limited conditions, as specified in 4.2.12. SST liquid level measurement may also be used
for leak detection and monitoring.

Figure 4-3 is a logic chait showing what leak detection method(s) are used, and when

Details of the methods shown in Figure 4-3 are
provided in 4,2.1. 1 through 4.2.1.3.

LDM systems consisting of standard leak detection arrangements are used for transfer lines and
pits.

The LDM system used for the receiver nsT is the same one described in Section 4.13.

Any resulting changes to LDM activities described in this TWRWP wil I he approved by Ecology
within 24 hours through the Change Notice form.

4-7
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Office of River Protection, State of Washington Department of Ecology
Tank Waste Retrieval Work Plan/Functions and Requirements Change Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

1. Document Title and Number: RPP-22393, Rev. 6A, 241-C-102, 241-C-104, 241-C-107, 241-C-108
and 241-C-1 12 Tanks Waste Retrieval Work Plan

2. Minor Field Change: 3. Document Issue Date: 5. Notice Number: 2013-06
(Section 12.4 HFFACO Action
Pln) 05/21/12
n Yes: (WRPS Signature Only -
Attach signed for,, to Primary 4 ouetMdfcto
Oocomnn for recrd parpooc) 4. Document Modification

Notice Date: 5/08/13
X No: Proceed to Box 3

6. 7. 8. (Check only one box)
Do proposed changes Do proposed changes include E Significant Modification
require schedule changes? specific additions, deletions, or (Check if the answer to question in either
(Would this extend modification to scope and/or section 6 or 7 is "yes". Significant

completion of retrieval requirements which affect the modifications require revision of the primary

beyond 12 months from overall intent of the plan? document.)

date of initiation?) Minor Modification

H Yes x No X Requires modification of the document

n Yes x No x Can be accomplished with Modification
Notice.

9. Description and Justification of Change:

Change Description: A change is necessary to include updates that have been made in other TWRWPs.
A full revision of RPP-22393, incorporating all approved modifications to revision 6A is planned.

Justifications:

" Pg viii-added trademark note

" Section 2.5, pg 2-13--clarified reference

* Section 3.1.3, pg 3-15-added requirement to provide basis and rationale for continued operation

" Section 3.8, pg 3-28--Updated IQRPE requirement reference.

* Section 4.1.2, pg 4-4 to 4.5- Deleted reference to outdated PNNL groundwater monitoring plan and
reference and added current reference.

" Section 4.2, pg 4-6-Updated cross reference.

" Section 4.2.1.1, pg 4-1 1-Added new hydroprobe procedure reference.

" Section 5.0, pg 5-1 --Updated air permit reference.

" Section 9-Updated references

See the attached redline strikeout pages.
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Tank Waste Retrieval Work Plan/Functions and Requirements Change Notice

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3)

10. Impact of Change:

The changes make RPP-22393 consistent with other recently modified TWRWPs.

Notes /

I - For use by Ecology to identify any additional information needed to make a decision regarding the request for modifications. In
addition, Ecology will identify actions, if any, regarding the modification request that DOE may take pending Ecology's final decision
2 - Provisional approval allows DOE and it's contractors to take specific actions identified in section 11, prior to final approval of this
modification.
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11. Additional Requirements and/or Provisions
Approvals

Washington Rie P Office of River Protection Star a*h Dept. of Ecology
Solutions, LL C.//7________________

E Provisional Approval' [i Provisional Approval2  E PIovisional Approval2

Date Date - Date

Final Approva Final Approval c L hirFinal Approval

Date /o Date / Date l\')
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LIST OF TERMS

Terms

High Pressure Water in the context of this document means any water supplied at a higher
pressure than the raw water supply pressure.

Abbreviations and Acronyms

ic
ALARA
BBI
CH2M HILL
COPC
DOE
DST
Ecology
EPA
ERSS
HFFACO
HI
HIHTL
HRR"5

IH
ILCR
LDMM

ORP
PrHA
PUREX
RCRA
RMS
SST
TBP
TOC
UPR
WMA
WRS

bismuth phosphate first-cycle decontamination
as low as reasonably achievable
best-basis inventory
CH2M HILL Hanford Group, Inc.
constituent of potential concern
U.S. Department of Energy
double-shell tank
Washington State Department of Ecology
U.S. Environmental Protection Agency
Extended Reach Sluicing System
Hanford Federal Facility Agreement and Consent Order
hazard index
hose-in-hose transfer line
high-resolution resistivity
Industrial Hygiene
incremental lifetime cancer risk
leak detection and monitoring
Office of River Protection
Process hazards analysis
plutonium-uranium extraction
Resource Conservation and Recovery Act of 1976
retrieval monitoring system
single-shell tank
tributyl phosphate
tank operations contractor
unplanned release
waste management area
waste retrieval system

ligh-Rcsolution Resistivity (HRR) is a irademsark of hydroGEOPIIYSICS, Inc., Tucson, Arizona.
"'Leak Detection and Monitoring (LDM) is a trademark ofdhydroGEOPHYSICS, Inc.. Tucson, Arizona

viii
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estimates developed using the Hanford Defined Waste (HDW) Model (RPP-19822,
Hanford Defined Waste Model - Revision 5.0).

* The above meets the requirement in Section 2.1.3 of Appendix I of the HFFACO that
requires those contaminants accounting for at least 95% of the impact to groundwater risk
be addressed.

* The BBI is the best available data; however, the Part A Permit provides a list of
constituents that may or may not be present in the SSTs. To address this uncertainty, a
post-retrieval sample will be taken of the residual waste for all constituents identified in
the Ecology-approved sampling and analysis plan, pursuant to the requirements of that
sampling and analysis plan.

There are currently no plans to perform additional characterization (e.g., sampling and analyses)
of the waste in tank C-102, C-104, C-107, C-108, or C-1 12 to support waste retrieval and
transfer. Sampling and analyses of the waste from each of the tanks will be performed at or near
the end of waste retrieval activities in support of component closure activity actions. Sampling
and analysis activities associated with component closure actions will be defined through the
planned component closure data quality objectives process and described in the associated waste
sampling and analysis plans yet to be developed and to be approved by Ecology.

Meeting the informational requirements for waste transfers meets the substantive requirements of
WAC 173-303-300, "General Waste Analysis." Compliance with the following documents is
required before initiating a waste transfer:

1. RPP-29002, Double-Shell Tank Waste Analysis Plan. SST transfers into the DSTs for
any reason must meet the waste acceptance criteria presented in this plan. This plan is
written pursuant to WAC 173-303-300(5) and U.S. Environmental Protection Agency
(EPA) guidance document OSWER 9938.4-03, Waste Analysis at Facilities That
Generate, Treat, Store and Dispose of Hazardous Waste.

2. Waste Stream Profile Sheet (RPP-29002-Attaehnwmnt-A). The sheet addresses the
applicable sections of WAC 173-303-300; 40 CFR 761, "Polychlorinated Biphenyls
(PCBs). Manufacturing, Processing, Distribution, Commerce, and Use Prohibitions";
40 CFR 268, "Land Disposal Restrictions"; and WAC 173-303-140, and also requires a
waste compatibility assessment pursuant to HNF-SD-WM-DQO-001, Data Quality
Objectives for Tank Farms Waste Compatibility Program, to meet WAC 173-303-395(1).

2.5.1 Tank C-102 Operating History

The following information is taken from HNF-SD-WM-ER-651, Preliminary Tank
Characterization Report for Single-Shell Tank 241-C-102: Best-Basis Inventory. The purpose
of HNF-SD-WM-ER-651 is to summarize the information on the historical uses, current status,
and sampling and analysis results of waste stored in tank C-102.
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operations have been performed to enable development of ajustifiable definition. Until an ERSS
MARS-S limit of technology definition is developed the same value used for modified sluicing
in RPP-50910 is applied to MARS-S retrieval operations.

There is no limit of technology definition for a chemical retrieval process. A limit of technology
definition will not be developed until sufficient chemical heel retrieval operations have been
performed to enable development of a justifiable definition. It is estimated that this will take 3 to
4 heel retrieval operations.

Appendix C, Part I of the Decree defines the limit of technology as follows:

"The "limits of technology" means that the recovery rate of that retrieval
technology for that tank is, or has become, limited to such an extent that it extends
the retrieval duration to the point at which continued operation of the retrieval
technology is not practicable, with consideration of practicability to include
matters such as risk reduction, facilitating tank closures, costs, the potential for
exacerbating leaks, worker safety, and the overall impact on the tank waste
retrieval and treatment missions."

For MARS-S, data for retrieval performance measurement used to show the limits of technology
have been met will be used after implementation of one or both low pressure sluicing and high
pressure water operations (each technology will not be evaluated separately for its limit of
technology).

Expericne has shown that unexpected waste forms and tank conditions mdy be encountered and
that cquipment performance can degrade with time. The ORP will inform Ecology at least every
2 weeks, through normally scheduled meetings, about unexpected waste forms, behavior and
tank conditions along with retrieval equipment performance changes that would impact overall
retrieval rates and retrieval volume. If a normaly scheduled eeting does not occurEcology
will initiate a meeting for this information exchange.

At these meetings, OR' will provide to Ecology the basis and rationale for continuing retrieval
when it is suspected that waste form behavior, tank condition and/or equipment performance has
diminished significantly or performance impacted the ability of the deployed equipment to
operate is order to meet the waste residual goal of 360 fW.

Ecology is notified in the Tri-Party Agreement project manager's monthly meeting when the
limits of technology have been reached. Status reports are continued until waste retrieval
operations cease. An SST waste retrieval evaluation form and a retrieval report are then
prepared and issued and in accordance with the Decree, Part IV, B. 5:

"When DOE completes retrieval of waste from a tank covered by this Decree, DOE will
submit to Ecology a written certification that DOE has completed retrieval of that tank.
For purposes of this Consent Decree, "complete retrieval" means the retrieval of tank
waste in accordance with Part 1 of Appendix C and with the retrieval technology/systems
that were established by Part I of the TWRWP either by approval of Ecology or after
dispute resolution by the Court under Section IX of the Decree."
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a tank system in accordance with WAC-173-303-040, "Definitions." The waste tank system
equipment is described in Section 3.1.1.

A written integrity assessment, reviewed and certified by an IQRPE, attesting that the transfer-
related equipment and associated transfer lines are suitable for use during waste retrieval
operations will be prepared in accordance with WAC 173-303-640(3), "Design and Installation
of New Tank Systems or Components," and submitted to Ecology following completion of the
design and field installation of the WRS. This includes verification that the subject equipment
meets the requirements set forth in WAC 173-303-640(3) and WAC 173-303-640(4),
"Containment and Detection of Releases." If additional systems or additional transfer line
systems are used, each system will be evaluated by an IQRPE. The design provided to the
IQRPE for review will include all new or existing transfer systems, structures or components,
including secondary containment (e.g., central caisson if used) and leak detection equipment
used for waste transfer lines.

The requirements for an IQRPE assessment and the permitting decision logic for new equipment
or repairs/upgrades to equipment will be performed in compliance with TFC-ESHQ-ENV PP-C-
11, 12k_? Jndepndenon/ai ed Registered-Professinnal Eneineer Assessment Process

Risers were reviewed as part of the original SST System Integrity Assessment (RPP-
10435). SST system components (e.g., risers, pits, etc.) that were identified as part of the SST
system for the original Integrity Assessment are not part of the retrieval system (unless
specifically identified as such) and do not require a separate or additional integrity assessment if
the function of the equipment doesn't change from its original purpose (e.g., the original purpose
of risers is to provide tank access) and changes to the component are not outside the original
component design basis and specifications.

3-28

G-199



RPP-22393, Rev 7

RPP-22393, Rev. 6

4.1.2 Groundwater Monitoring

Identify the number and location of groundwater monitoring wells associated with the
Waste Management Areas (WMA). Summarize current groundwater monitoring
activities.

Groundwater monitoring at WMA C was begun in 1990 using four RCRA groundwater
monitoring wells constructed in 1989 (299-E27-12, 299-27-13, 299-E27-14, and 299-E27-15).
Th-.-grouAdwadriaeathh monitortg wG tk bn adde sith the
989.RA-grourrntistmotherWMA C grtahe ln 001 (PNNL-102e fn in GDE Ro97 er

wlostoreg Pand .ur Singly She Tank pWaste-Almigemen Are w Ca the I arer 5Sapear
Figurdae wroidE/-29-7adC taE-2am and thesu.
Theurtrgrok- cuae-mnine gro thdatr moori ellse preouding the tank lr n
(nfor it welg spere ests ineted in 2093). Since grnund ermwaitrsampngfor--the
groundwatern-weits-in- at 7,299 tk 7 1f. th F 27 13, 299 F 27 1f , atin de e n NN2 11has
16349,pQ uarterly RCRaroenwbass M 3nitrn4, Da r )SinerIoDecy rugepember
g2r6adiatnr-r7 toringwel299 F 27 1,299 h 27 '1, 299 E-7 22, and 29by 9 F27 23Hhave
alesobk sampled on rerl grsu.Additional monitoring wells have been atded since
19(9. A current list of te WMA C groundwater wells can be found it DOitoRL-2009-77. The
wells are sampled quarterly to tmeet prior agreements made with Ecology. Quarterly samples are
analyzed at a minimum for anions, cyanide, inductively coupled plasma metals, gross beta, 9 Tc,
and total uranium, and a low-level gamma san is perforned. Sampling is conducted in
accordance with DOE-Rk-2009-77 and DOE/Rk-2001 -49.

The quarterly groundwater monitoring that is currently performed is adequate for the purpose of
supplementary data collection during waste retrieval. Ecology is provided quarterly groundwater
monitoring sample results in the quarterly and annual groundwater monitoring reports. These
reports were previously issued by Pacific Northwest National Laboratory (e.g., results from the
groundwater monitoring at the C tank farm for the third quarter of 2006 are reported in PNNL-
16349, Quarterly RCRA Groundwater Monitoring Data for Period July through September
2006), in 2007 they started being issued by Fluor Hanford.

If a leak is detected during retrieval, groundwater monitoring frequency will be reevaluated in
accordance with the regulatory requirements in WAC 173-303, "'Dangerous Waste Regulations."

4.1.2.1 Use of Groundwater Monitoring for Retrieval Process Control.

(1) Evaluate the use of appropriately located existing groundwater monitoring wells/or
retrieval process control.

Based on the limitations of flow transport calculations and the time required for a retrieval leak
to show up in groundwater samples, groundwater monitoring data will not be used for retrieval
process control, but is available, for background reference information only, through the site
groundwater monitoring program.

4.1.2.2 Groundwater Sampling Prior to and Following Retrieval.
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(2) Ensure that appropriately located existing groundwater monitoring wells will be
sampled within a two month period prior to and jollowing the retrieval (quarterly
sampling satisfies this requirement).

P1L 02A4, CN-,-reatturewqQuarterly groundwater sampling is perlbrmcd for the C-farm
groundwater monitoring wells. In accordance with 04-TPD-083, "Agreement on Content of Tank
Waste Retrieval Work Plans" (04-TPD-083 - letter), it was agreed to in writing by ORP,
Ecology, and the tank farm contractor that quarterly groundwater sampling satisfies the TWRWP
outline requirement C. ,b.(2) (this wording is in italics at the start of Section 4.1.2.2) to take
groundwater samples within a 2-month period prior to and following retrieval.

Figure 4-2. Waste Management Area C and Regulated Structures.*^
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* Adapted frem Figure B.18 in PNNL-14548, 2004, Hanford Site GroundwaterMonitorrngforFiscat/ Year2003,
Pacific Northwest National Laboratory, Richland, Washington.
'The most current list of groundwater monitoring wells can be found in DOE/RL-2009-77
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4.1.3 Existing Tank Level Monitoring Equipment and Activities

Identify existing level measurement instrumentation in the subject tank and receiver tank.
Identify ongoing tank level monitoring activities.

Tanks C-102, C-104, C-107, C-108 and C-112 currently have operable Enraf level gauges
installed. The DST receiver tanks also have the same type of level gauge installed. Each DST
receiver tank annulus has leak detection devices installed such as conductivity gauges, Enraf
level gauges or similar instruments for detection of leaks from the primary tank liner.

The waste levels in tanks C-102, C-104, C-107, and C-1 12 while in storage mode (and C-108
when it was in storage mode) are monitored for intrusion on a quarterly basis using an ENRAF
level gauge (OSD-T-151-00031, Operating Specifications for Tank Farm Leak Detection and
Single-Shell Tank Intrusion Detection). The basis for in-tank leak detection and intrusion
monitoring is provided in RPP-9937, Single-Shell Tank System Leak Detection and Monitoring
Functions and Requirements Document.

The primary level monitoring in the receiver DST is performed as described in
OSD-T-151-00031. The annulus leak detector instruments provide indication of tank leaks as
described in OSD-T-151-00031.

Level monitoring for the tank receiving the exhauster condensate, if not the SST being retrieved,
will be performed as specified in the applicable Ecology approved TWRWP for that tank.

4.2 PROPOSED LEAK DETECTION MONITORING SYSTEM DESCRIPTION

This section provides a description of the leak detection and monitoring (LDM) system that will
be deployed at tank s C-102, C-104, C-107, C-112, and the remaining C-108 waste retrieval
operations, along with a description of how the system will be operated.

The definition of when a tank is changed from storage mode to retrieval mode is provided in
OSD-T-151-00031. A tank is considered to be officially in retrieval status if one of two
conditions is met: either waste has been physically removed from the tank by retrieval operations
or, preparations for retrieval operations are directly responsible for rendering a primary leak
detection or intrusion monitoring device out of service.

When all waste removal operations have been completed, a final waste volume measurement
obtained, and all post-retrieval monitoring required by this document completed, the tank
retrieval status is maintained but retrieval leak detection is complete and the tank is monitored
for intrusion as specified in Section 6.30.
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percent moisture in the soil. Use of the handheld moisture gauge does not require truck access
into the tank farm and is more practical for frequent use.

The RAS truck was specifically designed for routine gamma monitoring against the baseline
established from the spectral gamma logging system data. The RAS uses a series of three
interchangeable Nal(Tl)-based scintillation detectors for measurement over the range from
background levels to about 105 pCi/g "'Cs. The RAS records counts in specific energy ranges
as well as total gamma activity. Although it does not have the energy resolution capability of the
spectral gamma logging system, it is mounted on a smaller truck and collects data at a faster rate.

The RMS is a modular, portable logging unit capable of concurrent measurement of gross
gamma activity and neutron moisture content. The RMS will have calibrated neutron moisture
and gross (total) gamma detectors on a combined probe. It will provide dual data logs over
preselected depth intervals in the drywells. The overall size and portability of the RMS will
minimize interference with surface equipment, and the capability of collecting both moisture and
gamma data in a single log run can result in a significant reduction in the cost of monitoring
activities when compared to obtaining separate neutron and gamma logs. The RMS also
provides for electronic data recording. When implemented, the RMS may be substituted for the
handheld moisture gauge and may also be used in place of truck-mounted logging systems.
Drywells with very high gamma activity (none of the seven around tank C-1 10 are in this
category) may still require the use of the high rate logging system that is part of the SGLS, but it
is possible that a high rate detector can be developed for the RMS. Development of the RMS is
complete but as of mid 2008 it is not yet available for deployment. It is anticipated that the RMS
will have a measurement range from background up to 100,000 pCi/g '37Cs and 0 to 25 vol%
moisture content.

The SGLS logging system was used to establish baseline conditions in 1995-2000. This logging
system is based on a liquid nitrogen cooled high purity germanium detector, which provides
excellent gamma energy resolution for identification and quantification of individual
radionuclides from background levels (method detection limit about 0.1 pCi/g "'Cs under
typical conditions) up to about 10,000 pCi/g .. 7Cs. A high rate detector with intemal and
external shields is available to extend the measurement range to about 10 pCi/g 13Cs.

The SGLS truck can also be used to operate a neutron moisture logging system, which measures
in situ vadose zone moisture over the range of 0 to about 25 vol% moisture content. The neutron
moisture logging system uses a similar source-detector relationship as the handheld moisture
gauge.

It takes about one shift of operation to obtain moisture logging data from all the drywells around
a tank with the hand-held moisture probe. It takes about one shift of operation to obtain RAS
data from one drywell.

The handheld moisture gauge will be deployed by qualified personnel in accordance with
TO-320-022, Operate Model 503DR 141 HP-2 or MI HP-3 Hydroprobe Neutron Moisture
Deteet Gauge or TO-320-060, Operate Model 503DR Ml HP-4 Hydroprobe Neutron
Moisture Gauge.
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5.0 REGULATORY REQUIREMENTS IN
SUPPORT OF RETRIEVAL OPERATIONS

Retrieval of waste from the C-Farm SSTs will be performed under the requirements of the
Decree, Atomic Energy Act of1954, RCRA, Chapter 70.105 RCW and its implementing
regulations, and WAC-173-303. The SSTs do not provide secondary containment and are not
compliant with RCRA and Chapter 70.105 RCW interim facility standards of Subpart J of
40 CFR 265. The SSTs are currently authorized to continue operations under Chapter 70.105
RCW pending closure in accordance with WAC 173-303-610, "Closure and Post-Closure,"
under the authority of the HFFACO Milestone M-45-00, "Complete Closure of all Single Shell
Tanks Farms." Except as otherwise modified by HFFACO Milestone M-45-00, DOE conducts
day-to-day operations of the SSTs in accordance with the interim facility standards established in
WAC-173-303-400(3), "Interim Status Facility Standards." WAC 173-303-400(3) incorporates
by reference the interim status performance standards set forth by the EPA in 40 CFR 265.
Additionally, the SSTs are governed by federal regulations promulgated under the authority of
the Atomic Energy Act of 1954 and various DOE directives incorporated into the contract
between ORP and the TOC (DE-AC27-08RV14800 for current TOC). These requirements are
implemented through operating plans and procedures by the TOC.

Interim status facility standards in WAC 173-303-400(3)(a) incorporate, by reference, the
interim status standards set forth by EPA in 40 CFR 265 Subpart J for tank systems. Elements of
the interim status standards relevant to the WRS along with the WRS features and/or operating
plans and procedures are summarized in Table 5-1.

If necessary, DOE will seek approval to retrieve waste that could contain polychlorinated
biphenyls from tanks C-102, C-104, C-107, C-108, and C-112 using supernate from the receiver
DST and transfer the resulting slurry to the respective receiver DST from EPA before initiating
waste retrieval operations. DST supernate is classified as polychlorinated biphenyl remediation
waste in accordance with Ecology et al. (2000), Framework Agreementfor Management of
Polychlorinated Biphenyls (PCBs) in Hanford Tank Waste. Because the DST supernate is
polychlorinated biphenyl remediation waste, the retrieval of waste from SSTs, when using DST
supernate, requires a Risk-Based Disposal Approval, approved by EPA, pursuant to the Toxic
Substances Control Act of 1976.

The ventilation system(s) used during waste retrieval operations are designed to pass air through
the tank, thereby reducing condensation and fog within the tank. The ventilation systems
required by Washington State Department of Health include a heater, prefilter, demister, two
high-efficiency particulate air filters and test sections, exhaust fan, and stack. Details of the
ventilation systems are provided i R 09 ;!04, iG:: o
&ri('1a! I _H Closure: P He M Wea-te Reontaq mucndcdtf
and DQ5I'9P _ -A- Xiain Ntee o.fC Gqi.fiti

05-006, Hanford Site Air Orerating Permit as amended and succeeded.
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